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REMARKS 
L Status Summary 
Claims 1-6, 8-11, 16-25, 27-30, 33-39, and 41-44 are pending in the present 
application. Clainns 3, 6, 8-11, 17, 22, 25, 27-30, 33-39, and 41-44 currently stand 
withdrawn. Claims 1, 2, 4, 5, 16, 18-21, 23, and 24 have been examined by the United 
States Patent and Trademark Office (hereinafter "the Patent Office") and presently 
stand rejected. 

Claims 1, 4, 18, and 23 have been amended. Support for the amendments can 
be found throughout the claims and specification as filed, including at page 6, lines 14- 
17; at page 18, lines 7-9; and in Figures 3A-3C and 6A-6B. Thus, no new matter has 
been added by the amendments to the claims. 

Reconsideration of the application as amended and in view of the remarks 
presented herein below is respectfully requested. 

IL Response to Rejections under 35 U.S.C. ^112. Second Paragraph 

Claims 1, 2, 4, 5, 16, 18-21, 23, and 24 have been rejected under 35 U.S.C. § 
112, second paragraph, as allegedly being indefinite. More particularly, the Patent 
Office contends that claims 1 and 18 are indefinite because the recitation "without 
compromising the function of the antigen" is unclear. The Patent Office further 
contends that claims 5 and 24 lack antecedent basis in claims 1 and 18, respectively, 
because ovalbumin is not a plasma protein. 

After careful consideration of the rejection and of the Patent Office's comments, 
applicants respectfully traverse the rejection and offer the following remarks. 

Initially, applicants respectfully submit that claim 1 has been amended to recite 
"in a mammal in need thereof, wherein said mammal expresses a Fey receptor" and "so 
as to form an antibody-antigen conjugate, wherein said antigen is a protein substantially 
soluble in vivo, and wherein said antibody-antigen conjugate treats immune 
thrombocytopenia or inflammatory arthritis of the mammal expressing the Fey receptor." 
Support for the amendment can be found in claim 1 as originally filed. Further support 
for protein antigens that are soluble in vivo can be found in the instant specification at, 
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for example, page 6, lines 14-17. Support with regard to expression of tlie Fey receptor 
can be found, for example in Figures 6A and 6B and at page 18, lines 7-9. 

Claim 4 has been amended to recite "the antibody-antigen conjugate prior to 
administering said conjugate." Support for the amendment can be found in claim 4 as 
originally filed. 

Claim 18 has been amended to replace "patient" with "mammal in need thereof, 
wherein said mammal expresses a Fey receptor" or "mammal." Claim 18 has also been 
amended to recite "so as to form an antibody-antigen conjugate in said mammal, 
wherein said antigen is a protein substantially soluble in vivo, and wherein said 
antibody-antigen conjugate inhibits platelet clearance in the mammal expressing the Fey 
receptor." Support for the amendment can be found in claim 18 as originally filed and in 
the instant specification, for example, at page 2, lines 28-30; at page 6, lines 14-17; and 
at page 18, lines 7-9. Additional support can be found in Figures 3A-3C, 6A, and 6B. 

Claim 23 has been amended to recite "to form the antibody-antigen conjugate 
prior to administering said conjugate to said mammal." Support for the amendment can 
be found in claim 23 as originally filed. 

Further support with regard to the amendments can be found in the priority 
documents, i.e., U.S. Provisional Patent Application Nos. 60/558,080 and 60/613,712. 
See for example, paragraphs [0019] and [0022] and Figures 6A and 6B of U.S. 
Provisional Patent Application No. 60/558,080, as well as paragraphs [0020] and [0025] 
and Figures 6A and 6B of U.S. Provisional Patent Application No. 60/613,712. 

Applicants respectfully submit that, as described in Manual of Patent Examining 
Procedure (hereinafter " MPEP ") § 2173.02, the definiteness of claim language must be 
analyzed, not in a vacuum, but in light of (a) the content of the particular application 
disclosure; (b) the teachings of the prior art; and (c) the claim interpretation that would 
be given by one possessing the ordinary level of skill in the pertinent art at the time the 
invention was made. The claim must be considered as a whole. Jd. Further, a claim 
term that is not used or defined in the specification is not indefinite if the meaning of the 
term is discernible. Id., citing Bancorp Sen/ices, LLC. v. Hartford Life Ins. Co., 359 
F.3d 1367, 1372, 69 USPQ2d 1996, 1999-200 (Fed. Cir. 2004). The test for 
definiteness under 35 U.S.C. § 112, second paragraph, is whether "those skilled in the 
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art would understand what Is claimed when the claim is read in light of the 
specification." \d., citing Orthokinetics, Inc. v. Safety Travel Chairs, /nc, 806 F.2d 1565, 
1576, 1 USPQ2d 1081, 1088 (Fed. Cir. 1986). 

Applicants respectfully submit that the phrase "without compromising the function 
of the antigen" would be clearly understood by those of skill in the art in the context of 
either claim 1 or 18 as a whole, particularly in light of the instant specification. Indeed, 
applicants respectfully submit that the skilled artisan, in reviewing the instant 
specification and claims, would be able to interpret the phrase as referring, for example, 
to the known ability of certain antibodies to be "neutralizing" or "non-neutralizing." More 
particularly, it is known that "neutralizing antibodies" can bind to particular epitopes on 
an antigen to mask a known biological/biochemical function of that antigen (e.g., 
receptor activity, regulatory activity, infectivity, etc.). Alternatively, "non-neutralizing" 
antibodies can bind to epitopes of an antigen and not interfere with known 
biological/biochemical activity. See for example, U.S. Patent No. 4,853,326, attached 
hereto as Exhibit A, column 1, line 61 to column 2, line 2 and U.S. Patent Application 
Publication No. 2007/0202099, attached hereto as Exiiibit B, at paragraph [0011]. 
Applicants respectfully note that Mostbock {Current Ptiarmaceuticai Design, 2009, 15, 
809-825; hereinafter " Mostbock "). cited by the Patent Office in the Offical Action, also 
uses the terms "neutralizing and "non-neutralizing." See for example, MostbQck . page 
812, the paragraph under the heading "IL-2" describing non-neutralizing auto-IL-2 
antibodies. 

Further, applicants respectfully submit that the instant specification describes not 

only that antibody binding does not compromise the function of the antigen, it also 
recites that the antigen can be a non-functional/inert antigen. See Instant Specification , 
page 3, line 7. The use of the words "antigen" and "binding," as well as the recited 
formation of an "antibody-antigen conjugate" even from a possible "non-functional" 
antigen clearly indicates that the "function" of the antigen being addressed by the 
phrase at issue is a function other than antigenicity of the protein antigen for the 
antibodies of the instant methods. Moreover, the phrase "without compromising the 
function of the antigen" recited in the instant claims would not be interpreted as 
precluding the antibody-antigen conjugate that is formed from having a new function as 
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a conjugate, such as the instantly claimed ability to treat ITP or inflammatory arthritis. 
Rather, the instantly claimed methods are based on a particular activity of the 
antibody/antigen conjugate that is distinct from abolishing the biological activity that the 
antigen has alone, e.g., by binding a particular receptor in vivo. In other words, one of 
ordinary skill in the art would recognize that the phrase "without compromising the 
function of the antigen" is intended to indicate that the presently claimed methods are 
effected by a mechanism other than the elimination or sequestration of disease-causing 
or disease-regulating protein ligands by antibodies. Accordingly, applicants respectfully 
submit that the Patent Office's comments regarding "without compromising the function 
of the antigen" have been addressed. Applicants respectfully submit that claims 1 and 
18 meet the requirements of 35 U.S.C. § 112, second paragraph. 

The phrase "plasma protein" has also been deleted from claims 1 and 18. 
Claims 1 and 18 now recite "said antigen is a protein substantially soluble in vivo." 
Applicants respectfully submit that the one of ordinary skill in the art would appreciate 
that ovalbumin and other foreign protein antigens can be substantially soluble in vivo in 
a mammal. Therefore, applicants respectfully submit that the Patent Office's remarks 
regarding the lack of antecedent support for ovalbumin in claims 5 and 24 have been 
rendered moot. 

Applicants respectfully believe that the other claims, claims 2, 4, 16, 19-21, and 
23 were included in the instant rejection due to their dependency from claim 1 . Thus, in 
view of the remarks above regarding claims 1 and 18, applicants respectfully submit 
that claims 2, 4, 16, 19-21, and 23 are also believed to meet the requirements of 35 

U.S.C. § 112, second paragraph. 

Applicants respectfully request that the rejection of claims 1, 2, 4, 5, 16, 18-21, 
23, and 24 under 35 U.S.C. § 112, second paragraph, be withdrawn and further request 
that claims 1 , 2, 4, 5, 16, 18-21 , 23 and 24 be allowed at this time. 

IIL Response to Reiections under 35 U.S.C. ^112. First Paragraph, 

The Enablement Requirement 

Claims 1, 2, 4, 5, 16, 18-21, 23, and 24 have been rejected under 35 U.S.C. § 
112, first paragraph, as allegedly failing to comply with the enablement requirement. 
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The Patent Office contends that the specification is not enabling for a method reciting 
"by meians of an in vivo antibody antigen interaction without compromising the function 
of the antigen." The Patent Office alleges that this particular phrase can be interpreted 
as including compromising the ability of the molecule to perform its native biologic 
function, which the Patent Office contends can include the ability to function as an 
antigen. Further the Patent Office contends that claims 5 and 24 fail to meet the 
enablement requirement because ovalbumin is not a plasma protein as recited in the 
claims from which claims 5 and 24 depend. 

After careful consideration of the rejection and of the Patent Office's comments, 
applicants respectfully traverse the rejection and offer the following remarks. 

Initially, as described hereinabove, claims 1 and 18 have been amended to 
delete the phrase "plasma protein." Claims 1 and 18 currently recite "wherein said 
antigen is a protein substantially soluble in vivo." Further, claim 1 has been amended to 
recite "a mammal in need thereof, wherein said mammal expresses a Fey receptor" and 
"wherein said antibody-antigen conjugate treats immune thrombocytopenia or 
inflammatory arthritis of the mammal expressing the Fey receptor." Claim 18 has been 
amended to recite "a mammal in need thereof, wherein said mammal expresses a Fey 
receptor" and "wherein said antibody-antigen conjugate inhibits platelet clearance in the 
mammal expressing the Fey receptor." 

In general, applicants respectfully submit that the presently disclosed and 
claimed subject matter relates to methods for treating immune thrombocytopenia (ITP) 
or inflammatory arthritis comprising administering to a mammal expressing a Fey 
receptor an antibody and/or a complementary antigen that is soluble in vivo to form an 
antibody-antigen conjugate. For example, the antigen-antibody conjugate can inhibit 
platelet clearance (see Instant Specification , page 2, lines 28-32; and Figures 3A-3C) 
associated with ITP. As further described in the instant specification, ITP-related 
platelet clearance can be mediated by Fey receptor-bearing macrophages in the 
reticuloendothelial system (RES). See Instant Specification , page 1, lines 9-14. In this 
context, the instant specification provides data showing that administration of anti- 
ovalbumin antibodies and ovalbumin treats ITP in mice that express FcyRIIB, but does 
not treat mice that do not express FcyRIIB. See Instant Specification , page 18, lines 7-9 
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and Figures 6A and 6B. See also, Instant Specification , page 22, lines 21-25. Similar 
results are described for treatments with anti-albumin and anti-transferrin antibodies 
(which can react with serum albumin and transferrin already present in a mammal). 
See Instant Specification , page 19, lines 10-15 and Figure 8B. Accordingly, it is 
believed that the instant specification provides sufficient guidance to the skilled artisan 
to show that antibodies of various unrelated soluble protein antigens can be used to 
form antibody-antigen conjugates that can treat ITP in mammals that express Fey 
receptor. The instant specification further provides data related to the treatment of 
inflammatory arthritis. See Instant Specification , page 21, lines 4-25 and Figures 10A 
and 10B. 

With regard to the Patent Office's comments concerning the phrase "without 
compromising the function or the antigen", applicants respectfully submit that, as 
described hereinabove, it is believed that such antibodies are known in the art. For 
example, the art recognizes the ability of certain antibodies to be "neutralizing" or "non- 
neutralizing." Moreover, applicants respectfully submit that the teachings of IVIostbSck 
referred to by the Patent Office in support of the instant rejection relate to particular anti- 
cytokine antibodies. Mostbock does not teach or suggest that it is impossible for some 
antibodies to bind to their antigens without compromising the function of the antigen. 
Indeed, Mostbock itself describes certain antibodies as being "non-neutralizing". See 
for example, Mostbock . page 812, the paragraph under the heading "IL-2" describing 
non-neutralizing auto-IL-2 antibodies. 

It is further believed that, that in the context of claims 1 and 18 as a whole, 
particularly in view of the specification, one of ordinary skill in the art would appreciate 
that the phrase "without compromising the function of the antigen" is not intended to 
imply that the antigen is incapable of functioning as an antigen, i.e., could not form the 
claimed antibody-antigen conjugate. Rather, the skilled artisan would appreciate that 
the phrase relates to biological functioning of the antigen that might involve, for 
example, to receptor binding, infectivity, or other disease-modifying behavior. Thus, the 
phrase is intended to help describe that the instant antibody-antigen conjugates do not 
effect treatment of ITP or inflammatory arthritis by masking an ITP or arthritis-causing 
activity of the antigen. 
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Therefore, when "without compronnising the function of the antigen" is viewed 
with the meaning that one of ordinary skill in the art would give to the phrase, and 
particularly in view of the aforementioned data described in the instant specification with 
regard to the use of three unrelated anti-soluble protein antibodies, i.e., anti-ovalbumin, 
anti-albumin, and anti-transferrin, applicants respectfully submit that the instant 
specification provides sufficient guidance for the skilled artisan to practice the methods 
of claims 1 and 18 without undue experimentation. 

Turning now to the Patent Office's comments regarding claims 5 and 24 and the 
terms "plasma protein" and "ovalbumin," applicants respectfully submit that these 
comments have been rendered moot by the claim amendments. In addition, as noted 
above, applicants respectfully submit that the instant specification provides particular 
support that ovalbumin is a suitable antigen for use according to the presently claimed 
methods, for example, as shown in Figure 6A. Also, applicants respectfully submit that 
one of ordinary skill in the art would appreciate that ovalbumin is an antigen that is 
soluble in vivo in a mammal. 

Thus, applicants respectfully submit that claims 1, 5, 18, and 24 meet the 
enablement requirement of 35 U.S.C. § 112, first paragraph. It is respectfully believed 
that claims 2, 4, 16, 19-21, and 23 were included in the rejection due to their 
dependence from claims 1 and 18. Since claims 1 and 18 are believed to meet the 
enablement requirement, it is further believed that dependent claims 2, 4, 16, 19-21, 
and 23 also meet the enablement requirement. 

Accordingly, applicants respectfully request that the rejection of claims 1,2,4, 5, 
16, 18-21, 23, and 24 under 35 U.S.G. § 112, first paragraph, the enablement 
requirement, be withdrawn. Applicants further respectfully request that claims 1, 2, 4, 5, 
1 6, 1 8-21 , 23, and 24 be allowed at this time. 

IV. Response to Reiections under 35 U.S.C. 5112. First Paragraph. 
The Written Description Requirement 
Claims 1, 2, 4, 5, 16, 18-21, 23, and 24 have been rejected under 35 U.S.C. § 

112, first paragraph, as allegedly failing to comply with the written description 
requirement. The Patent Office contends that there is no support in the specification as 
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originally filed for the recitation "plasma protein" in claims 1 and 18. The Patent Office 
further contends that there is no support for the use of foreign plasma proteins as per 
claim 2. Thus, the Patent Office contends that the claimed invention constitutes new 
matter. The rejection is respectfully traversed. 

Initially, as described hereinabove, claims 1 and 18 have been amended to 
delete the phrase "plasma protein" and to recite "wherein said antigen is a protein 
substantially soluble in vivo." Support for the amendment can be found in claims 1 and 
18 as originally filed and in the instant specification, for example, at page 6, lines 14-17. 
Support can also be found in the priority documents, U.S. Provisional Patent Application 
No. 60/558,080 (at paragraph [0022]) and U.S. Provisional Patent Application No. 
60/613,712 (at paragraph [0025]). The Instant specification further provides particular 
description regarding the use of three unrelated soluble proteins antigens, i.e., 
ovalbumin, albumin, and transferrin. See Instant Specification , for example, page 18, 
lines 7-9; page 19, lines 10-15; page 22, lines 21-25; and Figures 6A, 6B, and 8B. 
Applicants respectfully submit that ovalbumin is a foreign antigen in mammals. 

According, applicants respectfully submit that the Patent Office's remarks 
regarding "plasma proteins" and new matter have been rendered moot. Applicants 
further respectfully submit that claims 1 and 18, as well as claims 2 and 21 , which recite 
foreign antigens, meet the written description requirement of 35 U.S.C. § 112, first 
paragraph. 

Applicants respectfully believe that claims 4, 5, 16, 19, 20, 23 and 24 were 
included in the instant rejection in view of their dependence from claims 1 and 18. 
Accordingly, since claims 1 and 18 are believed to meet the written description 
requirement, it is further respectfully believed that claims 4, 5, 16, 19, 20, 23, and 24 
also meet the written description requirement. 

Applicants respectfully request that the rejection of claims 1, 2, 4, 5, 16, 18-21, 
23, and 24 under 35 U.S.C. § 112, first paragraph, the written description requirement, 
be withdrawn and further ask that claims 1, 2, 4, 5, 16, 18-21, 23, and 24 be allowed at 
this time. 
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Vj. Response to Comments Regarding Siraaam 
At page 6 of the Official Action, the Patent Office notes that the prior rejection 
under 35 U.S.C. § 102(b) over Siraqam et al . (hereinafter " Siraqam ") was withdrawn in 
view of the amended claims and because ovalbumin is not a plasma protein. 

For clarity of the record, and in the event that the Patent Office might consider 
reapplying Siraqam in view of the deletion of "plasma protein", applicants respectfully 
note that the presently presented claims are believed to be fully supported by 
PCT/CA2005/000472, filed March 30, 2005. The claims are also believed to be fully 
supported by the priority documents, i.e., U.S. Provisional Patent Applications Nos. 
60/558,080 and 60/613,712, filed March 30, 2004 and September 29, 2004. 
Accordingly, applicants respectfully submit that Siraqam is not believed to be prior art to 
the instant application under either 35 U.S.C. § 102(b) or 35 U.S.C. § 102(a). 

CONCLUSION 

In light of the above amendments and remarks, it is respectfully submitted that 
the present application is now in condition for allowance, and an early notice to such 
effect is earnestly solicited. 

If any small matter should remain outstandinq after the Patent Examiner has had 
an opportunitv to review the above Remarks, the Patent Examiner is respectfullv 
requested to telephone the undersigned patent attornev in order to resolve these 
matters and avoid the issuance of another Official Action. 
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1 2 

include not only (1) classical virus neutralization which 

CARBOHYDRATE PERTURBATIONS OF results when antibody binds to a surface antigen of a 

VIRUSES OR VIRAL ANTIGENS AND virion which ordinarily binds to a receptor on the sur- 

UnDUZATION FOR DIAGNOSTIC fece of a susceptible cell and thereby prevents infection 

PROPHYLACTIC AND/OR THERAPEUTIC S of a susceptible cell or leads to opsonization but also 

APPLICATIONS includes (2) interactions such as the binding of an anti- 
body to neuraminidase of influenza virus (IF) which 

TABLE OF CONTENTS residts in inMbition of release of progeny virus particles 

1. Field of The Invention ^om the plasma membrane of infected cells and slows 

2. Background of The Invention virus spread and (3) binding of an antibody to fusion 

3. Summary of The Invention protein (F) of paramyxoviruses which does not prevent 

4. Detailed Description of The Invention initiation of infection but does block the direct cell to 

4.1. Oligosaccharide Perturbations cell spread of newly formed virions once infection has 

4.2. Applications • been established. Antibodies directed against irrelevant 

4.2.1. Diagnostic and Prognostic Applications inaccessible epitopes of surface proteins, or against 
4.2.1.1. Dissociation of Immune Complexes internal proteins of the virion, or vims-coded nonstruc- 

4.2.2. Prophylactic and Therapeutic Applications tural proteins, such as virus-encoded enzymes can 
4.3 Viruses and Viral Antigens sometimes exert indirect immunopathological effects, 

Examples: Determination of Neutralizing Antibodies in but may play no role in elimination of the infection. 

Fruified Human IgG From Sera 2° These are "non-neutralizing antibodies." In fact, certain 

5.1. Detection of Neutralizing Anti-CMVAnitbodies in non-neutralizing antibodies not only form damaging 

Human IgG circulating "immune complexes" but may actually im- 

5.2. Reproducibility of Neutralizing Antibody Titer peje access of neutralizing antibody and enhance the 

6. Example: Detection of Neutralizing Antibodies in infectivity of the virion for some cells. For example, in 
Serum Samples „ the presence of snb-neutralizmg concentration of neu- 

7. Example: Perturbation of Oligosacchmde Moiety of antibody or excess of non-neutralizmg antibod- 
Virus and Attachment of Virus To a Solid Support ^ togaviruses are actually taken up 

3. FIELD OF THE INVENTION "Jwre efficiently by macrophages (via Fc receptors on 

' ^ . ^. , , „ ^ 1 .] in the macrophage to which the virus-antibody complex 

The present mvention relates generaUy to novel and 30 ^ ^ intracellulary to high titer 

miproved methods for diagnosis prophytos and ther- ' macrophage! Hence the non-neutadizing 

apy of vural mfections. More particularly the invention "iT '^^^v^ . •.Bm*o4.*.u.e 

relates to novel methods employing a virus, viral anti- antibo*es act as "eidiancmg antibody." Specific 

gen or fragment thereof in which an oligosaccharide viruses mclnde dengue virus types 1-4. 

moiety is perturbed in such a way that the virus, viral 35 J^}^ fP??f^*° "iJ^T' ^Z^r^^ 

antigen or fragment thereof is specificaUy recognized 5"' I™"''' antibodies are produced: neutrahzmg anti- 

by or reacts specifically with neutralizing antibodies. non-nenttalizmg antibodies. Each is present 

The term "perturbed" oligosaccharide moiety is in- m the serum of mfected mdividnals or individuals previ- 

tended to encompass any modification (1) that alters the o^slV exposed to a virus or a viral antigen m varying 

chemical or physical structure of a carbohydrate resi- 40 ™ounts. In order to assess the true unmunocompetent 

due that is naturally present; (2) that removes, wholly or status of an individual it is necessary to know the abso- 

in part, a carbohydrate residue that is naturally present; 1"'^ and relative amounts of both neutralizmg and non- . 

and/or (3) that prevents or alters the addition of a car- neutralizing antibodies. Yet conventional serological 

bohydrate residue (i.e. prevents or alters glycosylation). ^^y^ °f antiviral antibodies do not, and in fact cannot, 

The perturbed vkuses, vkal antigens and fragments 45 distinguish these two kinds of antibodies. Conventional 

'thereof prepared according to the present invention are serological assays measure the presence of both types of 

useful for in vitro diagnostic and prognostic applioa- antibodies. Hence there is no serological method for 

tions as well as for in vivo prophylactic and therapeutic measuring or assessing the true immune status or im- 

applications. munocompetence of individuals. 

50 The only conventional method for assessing virus 

2 BACKGROUND OF THE INVENTION neutralizing abUity of serum of individuals has been the 

Viruses are important etiological agents of a wide virus neutralization assay such as that described by 

variety of diseases. In animals the unmune response Krech et al., Z. Immuno., Forsch, Bd. 141 S: 411-29 

comprises one of the basic mechanisms to fight vural (1971). Neutralizatioii assays require: (1) use of infec- 

ijifections. Classically, the immune response encom- 55 tious vkus and (2) cell culture techniques. Such assays 

passes two facets: the B-lymphocyte antibody response, are slow, cumbersome, labor intensive and expensive, 

referred to as humoral immunity and a T-lymphocyte- Hence there has been a long-felt need for a rapid, inex- 

mediated response, known as cell-mediated unmunity. pensive accurate serological method to assess the im- 

The present application is concerned particularly with mnnocompetent status of individuals, 

the antibody response. 60 Examples of specific situations in which a rapid, easy 

While spedfic antibody of classes IgG, IgM and IgA . test for assessing the unmunocompetence of an individ- 

can bind to any accessible epitope on a surface protein ual is particularly important include, but are not limited 

of a virion, only those antibodies which bmd with rea- to, the following. Firstly, exposure of a pregnant female 

sonably high avidity to particular epitopes on a particu- to a virus such as rubella virus or cytomegolovirus 

lar protein in the outer capsid or envelope are capable 65 poses significiuit risk of congenital defects for the fetus, 

of neutralizmg the mfectivity of the virion. These are Using conventional serological methods such as ELISA 

termed "neutralizmg antibodies." "Neutralization" as assays the titer of all IgM and IgC antibodies agauist the 

used throuehout the nistant snecification is mtended to relevant virus, both neutralizine and non-nentralizine, 



EXHIBIT A 



4,853,326 

3 4 

may be determined. If the total IgM level is elevated Any techniqnes known in the art for achieving such ' 
indicating that the response is due to reaction by a pre- oligosaccharide "perturbations" including, but not lim- 
sumably "naive" immune system, a therapeutic abortion ited to genetic engineering methods, are intended to fell 
wiD be recommended because it is unlikely that neutral- within the scope of the present invention, 
izing antibodies against the virus are present. If, how- 5 Based on this discovery, one embodiment of the pres- 
ever, only the total IgG level is elevated, no therapeutic ent invention provides a novel method for detecting, as 
abortion will be recommended because the test cannot well as quantitating, the presence of vuus neutralizmg 
distingush whether the IgO's present are neutralizing or antibodies in samples of body fluids such as serum, 
non-neutralizing antibodies. The patient is faced with a plasma, various immunoglobulin fractions, etc. The 
long stress-filled pregnancy which may end m a child 10 novel method of the invention has the followmg advan- 
with congenital defects. Secondly, exposure of (or reac- tages over conventional assays for neutralizing antibod- 
tivation of previous infection associated with immuno- ies: (1) does not require use of cell culture techniques; 
suppression) organ transplant or bone marrow trans- (2)doesnotrequireu3eofjnfectious virus; (3) comprises 
plant patients to viruses such as cytomegalovirus a straight-forward serological assay; and (4) is complete 
(CMV) poses significant risks of clinical disease states IS in 4 hours or less. In contrast, conventional assays for 
including pneumonia, hepatitis, retinitis, encephalitis, virus neutralizing antibodies require: (1) cells in culture; 
etc. Moreover, the glomerulopathy induced by CMV (2) infectious virus; (3) skilled personnel; and (4) 5 days 
adversely affects the survival of kidney grafts, so that or so before an answer can be obtained. Thus, the pres- 
renal transplant patients face additional life-threatening ent method is faster, easier and less complex than con- 
organ rejection [see generally, White at al., eds., in 20 ventional methods. It does not require skMed personnel 
Medical Virology, 3d ed.. Academic Press, Inc., New trained in the handling of infectious viral materials and 
York, pp. 419-426 (1986)]. Thirdly, viral infections pose is safer for use because even trained personnel need not 
significant, indeed often life-threatening risks for im- be exposed to infectious virus, 
muno-suppressed patients including cancer patients Another embodiment of the present invention pro- 
undergoing chemotherapy, and those afflicted with 25 vides a novel method for preparing compositions com- 
either congenital or acquired immunodeficiency such as prising a virus, viral antigen or fragment thereof in 
acquired immune deficiency syndrome (AIDS). which the oligosaccharide moiety is perturbed such that 
Fourthly, certain viral infections endemic to specific the compositions are useful for eliciting the formation of 
geographic areas pose significant risks, for example, for neutraliziug antibodies. Thus these compositions pro- 
military or diplomatic personnel stationed in these ar- 30 vide vaccine formulations which stimulate an active 
eas. Specific examples include but are not limited to Rift immune response for prophylaxis of viral infections. 
Valley fever, dengue etc. Vaccines may protect by For example, according to this embodiment a viral 
actively eliciting the production of neutralizing anti- antigen is prepared having a perturbed oligosaccharide 
bodies. Evaluation of the inmiunocompetent status of moiety and administered as a vaccine formulation to 
personnel to be sent to these areas following vaccina- 35 actively elicit the production of protective antibodies, 
tion is important. Another alternate embodiment of the present inven- 

In all the abbve examples, there is a need for rapid, tion provides a variety of novel methods for preparing 
serological methods for determining both the presence or identifying monoclonal or polyclonal neutralizing 
and titer of virus neutralizing antibodies. Examples of antibodies which can be administered to confer short- 
formats useful in such rapid, serological methods in- 40 term passive immunity for prophylaxis and/or therapy 
elude but are not limited to Enzyme-Linked Im- of viral uifections. For example, a perturbed viral anti- 
munosorbent Assays (ELISA), radioimmunoassays gen is used to identify those monoclonal antibodies 
(RIA), immunofluoresence or other fluorescence-based prepared by hybridoma techniques which are capable 
assays, agglutination assays, etc. of neutraliziug virus. Such antibodies could be adminis- 

Hagenaars et al., J. Virol. Methods 6: 233-39 (1983) 45 tered for prophylactic treatment of persons at risk of 

described a modified inhibition ELISA assay which developing a particular viral disease. 

showed some correlation between ELISA titers and The present invention may be more fiiUy understood 

neutralization assay titers for polio virus type I. Unlike by reference to the followmg detailed description and 

the presently described assays, however, the modified examples of specific embodiments. 

inhibition ELISA of Hagenaars et al. was more com- 50 ncTATT tin r>i30i-T)TTi-rTr.xT -rtic 

plex and cumbersome. DETAILED DESCRIPTION OF THE 



3. SUMMARY OF THE INVENTION 



INVENTION 



The present invention relates to novel methods for 
_ The present invention is based upon the surprising diagnosis, prognosis, prophylaxis and therapy usefbl for 
discovery that whole viruses, viral antigens and frag- 55 a variety of viral infections. All the novel methods are 
Euents thereof in which the structure of an oligosaccha- based upon utilization of either whole virus, viral anti- 
ride moiety of a viral glycoprotein has been "per- gens or fragments of viral proteins in which "perturba- 
tnrbed" are recognized more efiiciently by serum, tion" of an oligosaccharide moiety renders the virus, 
plasma or immunoglobulin fractions containing neutral- viral antigen or fragment thereof more efficiently rec- 
izing antibody molecules. As used throughout the'm- 60 ognizable by neutralizing antibodies, 
stant specification, the terms "perturbed" oligosaccha- .11™. ... 

ride and oligosaccharide "perturbation" are intended to Oligosacohande Perturbations 

encompass any modification (1) that alters the chemical Accordmg to the present mvention, oligosaccharide 
or physical structure of a naturally occurring carbohy- "perturbation" encompasses any modification (1) that 
drate residue; (2) that removes, wholly or in part, a 65 alters the chemical or physical structure of a naturally 
naturally occurring carbohydrate residue; and/or (3) occurring carbohydrate residue; (2) that removes, 
that prevents or alters the addition of a carbohydrate whoUy or in part a naturaDy occurring carbohydrate 
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of a carbohydrate residue to a virus, viral antigen or of peptide synthesis provide yet another method for the 

fragment thereof. Illustrative examples of oligosaccha- preparation of a viral antigen or fragment thereof with 

ride perturbations include, but are not lunited to the a perturbed oligosaccharide. 

following. The foregoing are merely illustrative examples of 

Whole viruses, viral antigens or fragments thereof are 5 methods of oligosaccharide perturbation. Any other 

perturbed by mild oxidation of an oligosaccharide moi- techniques known to those of skill in the art are in- 

ety of a viral glycoprotein. For example, chemical oxi- tended to be encompassed by the perturbed oligosac- 

dation of fhe oligosaccharide moiety can be accom- charide moiety. 

plishedusinga variety of oxidizing agents such as peri- The perturbed oligosaccharide of the virus, viral 

odic acid, paraperiodic acid, sodium metaperiodate, and 10 antigen or fragment thereof may be fiirther modified, 

potassium metaperiodate. Oxidation using such oxidiz- for example, by reduction with reducing agents such as 

. ing agents is carried out by known methods. For a gen- sodium borohydiide, cyanoborohydride and the like or 

eral discussion, see Jackson, in Organic Reactions 2, p. by covalient attachment to a soluble or msoluble carrier 

341 (1944); Bunton, in Oxidation Chemistry, Vol. 1., or support. 

Wiberg,ed., p. 367, Academic Press, New York (1944). 15 4 2 Aoolications 

The amount of the oxidizing agent depends on the kind ' ' 

of virus or viral antigen, but generally is used m excess The viruses, viral antigens and firagments thereof 

of the amount of oxidizable oligosaccharide. The opti- accordmg to the present invention are adv^tageously 

mal amount can be determined by routine experimenta- used for methods suited for a number of different appli- 

tion. The optimal ranges include: pH from about 4 to 8, 20 cations. 

a temperature ranee of about 0° to 37° C, and a reaction a ^ , ^ j n a v »■ 

period of from about 15 minutes to 12 hours. During Diagnostic and Prognostic Applications 

oxidation, light is preferably excluded from the reaction According to one embodiment of the invention, the 

mixture in order to prevent over oxidation. Altema- virus, viral antigen or fragment thereof having a per- 

tively oxidation is achieved using an enzyme, such as 25 turbed oligosaccharide moiety is used in a variety of 

galactose oxidase [Cooper et al., J. Biol. Chem. 234: methods for assaying a sample of body fluids such as 

445-48 (1959)]. The influence of pH, substrate concen- serum, plasma or partially purified immunoglobulin 

tration, buffers and buffer concentration on the enzy- fractions for the presence and titer of neutralizing anti- 

ma'tio oxidation are reported in Cooper et al., supra. bodies. 

Whole viruses, viral antigens, or fragments thereof 30 The viruses, vkal antigens or fragments thereof are 

are perturbed by culturing virus infected cells in the used as ligands (antigens) to detect the presence of virus 

presence of glycosylation inhibitors. For example, in- neutralizing antibodies in assay systems including but 

fected cells may be cultured hi the presence of glycosy- not limited to systems such as: Enzyme-Linked Im- 

lation inhibitors including, but not limited to: tunicamy- munosorbent Assays (ELISA), radioimmunoassays 

cin, streptovirudins, and/or glycosidase inhibitors such 35 (RIA), immunofluoresence or other fluorescence-based 

as carbohydrate analogs such as 2-deoxy-D-glucose and assays, agglutination assays, etc. Examples of viruses for 

the like, and castanospermine, norjirimycin, 1-deox- which neutralizmg antibody titers are assayed would 

ynorjirimyoin, bromocenduritol, 1-deoxymamiojiiimy- include those such as described in Section 4.3. 

cin, and swamsonine, etc. The titers obtained usmg assays with conventionally 

Whole viruses, vkal antigens or fragments thereof are 40 treated viruses, for example, conventional ELISA as- 
perturbed by enzymatically removing, either wholly or says, which measure all antibodies, whether neutraliz- 
in part, a naturally occurring oligosaccharide moiety by big or non-neutralizing, do not correlate with the titer 
exposmg either virus infected cells in culture or isolated determined m conventional virus neutralization assays, 
virus particles or fragments thereof to an enzyme which On the other hand, the titers obtained using the present 
is specific for glycoside residues. Useful enzymes in- 45 viruses, viral antigens or fragments thereof having a 
elude neuraminidase, endo-beta-N-acetyglucosamini- perturbed oligosaccharide moiety (hereinafter referred 
dases and the like. to as a "perturbed anfigen") have been found by AppU- 

Perturbation of viral antigens according to the pres- cants to be significantly correlated with the titer of virus 
ent invention is also accomplished using genetic engi- neutralizing antibodies, as determined by conventional 
neering techniques. For example, a gene encodmg a 50 virus neutralization assays. (See, for example, experi- ' 
particdar viral-glycoprotein or fragment may be mental results presented in Sections 5-7, infra). This 
■cloned and expressed in a bacterial organism. In such may be due to a decrease in the binding of non-neutral- 
case, little to no glycosylation of the expressed viral izing antibody. Hence assays utilizing the present per- 
protein occurs, resulting in a perturbed oligosaccharide. tuibed antigens are useful for diagnostic and/or prog- 
Altematively, a gene encoding the desired viral glyco- 55 nostic prediction of the immuno-competent status of a 
protein or fragment can be cloned and expressed in a patient with respect to a paiticuiai virus, 
eukaryotic organism or cell culture. The eukaryotic The method of the invention for detecting virus neu- 
organism or cell is then cultured in the presence of a tralizing antibodies in an aqueous sample comprises: 
glycosylation inhibitor such as tunicamycin or a glyco- (a) contacting a ligand which comprises a virus, viral 
sidase inhibitor such as castanospermine, norjirimycin, 60 antigen or fragment thereof having a perturbed oligo- 
and the like resulting in expression of a protein or frag- saccharide moiety with an aqueous sample suspected of 
ment havmg a perturbed oligosaccharide. Yet another containing virus neutralizing antibodies in an assay sys- 
altemative is to use site-selective mutagenesis tech- tem selected from the group consisting of an enzyme- 
tuques to alter a gene encoding a viral antigen or fi:ag- linked immunosorbent assay, a radioimmunoassay, an 
ment in such a way as to remove or change the site(s) of 65 agglutination assay, and an immunofluorescence assay 
glycosylation. and the like; and 

In case-s where the amino acid sequence of a viral (b) detecting any reaction with the ligand; in which 

glycoprotein or fragment is known, chemical methods any reaction with the ligand indicates the pr^ence of 
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neutralizing antibodies in the sample. When quantitat- 
ing the virus neutralizing antibodies is desired the 
method further comprises: comparing any reaction of 
ligand and antibodies to that of a standard. 

4.2.1.1. Dissociation and Reassociation of Immune ^ 

Complexes 

Applicants anticipate that in certain instances, virus 
or virus fragments may be present in varying amounts in 
serum or plasma samples. These virus or virus frag- 10 
ments could be bound or associated with nentralizing 
and non-neutralizing antibodies in immune complexes. 
Consequently, the titer obtained using the present per- 
turbed antigens in in vitro assays may be artifically low 
(i.e. false negatives). Hence, according to a further im- 15 
proved embodiment of the present invention, such im- 
mune complexes are dissociated prior to performing the 
diagnostic assays. Dissociation of immune complexes 
can be accomplished by methods known to those of skQI 
in tiie art including bnt not limited to: use of chaotropic 20 
agents such as perchlorate (C104~), thiocyanate 
(SCN~), etc., denaturing agents such as guanidine hy- 
drochloride, urea, etc. and use of variation of pH, and 
the like. After dissociation, the liberated antibodies are 
contacted with perturbed antigens according to the 25 
present invention under conditons which permit associ- 
ation or reassociation with neutralizing antibodies. 

4.2.2. Prophylactic and Therapeutic Applications 

According to another embodunent of the present 30 
invention, the viruses, viral antigens and fragments 
thereof having a perturbed oligosaccharide moiety are 
used as immunogens in vaccine formulations to stimu- 
late an active immune response in a vaccinated host. 

When a whole virus having a perturbed oligosaccha- 35 
ride moiety is used, it is necessary to use either an atten- 
uated or avirulent virus or an inactivated virus. An 
inactivated virus is obtained by treatment of a virus 
with various chemicals such as formaldehyde; then an 
oligosaccharide is perturbed using any of the methods 40 
described above in Section 4.1. Alternatively, an macti- 
vated virus having a perturbed oligosaccharide moiety 
is obtained by chemical oxidation of a virus, for exam- 
ple, using periodic acid as described in Section 4. 1. Such 
attenuated or inactivated viruses having a perturbed 45 
oligosaccharide moiety should induce antibodies that 
are more effective at nentralizmg viral infections than 
conventionally attenuated or inactivated viruses. 

Subunit vaccines containing only the necessary and 
relevant immnnogenic mateitel such as capsid glyco- SO 
proteins of non-enveloped icosohedral viruses or the 
peplomers (glycoprotein spikes) of enveloped viruses or 
immunogenic firagments thereof can also be prepared in 
which the oligosaccharide moiety of the glycoprotein 
or fragment thereof is perturbed according to the pres- 55 
ent invention. Subunit vaccmes can be prepared by 
isolating the relevant subunit from highly purified viral 
fractions or using recombinant DNA technology and 
perturbmg the oligosaccharide moiety of the relevant 
immunogenic subunit as described in Section 4.1. 60 

The vaccine formulations which stimulate an active 
immune response for prophylaxis of viral infections can 
be prepared by mixing the virus, viral antigen or frag- 
ment thereof having a perturbed oligosaccharide moi- 
ety in a carrier suitable for use in vivo. In order to 65 
enhance the immunological response of the host, the 
immunogenic virus, antigen or fragment thereof may be 
fonnulatcd with a suitable adjuvaiit. Suitable adjuvatits 



include, but are not limited to; aluminum hydroxide, 
surface active substances, lysolecithin, pluronic polyols, 
polyanions, peptides including but not limited to mura- 
myl peptides, and oB emulsions. 

According to another alternate embodiment, a vac- 
cine formulation to stimulate an active immune re- 
sponse for prophylaxis of viral infections is prepared by 
coupling a vurus, viral antigen or fragment thereof hav- 
ing a perturbed oligosaccharide moiety to an immuno- 
genic peptide or compound in order to enhance or po- 
tentiate the immunological response of the host. 

According to yet another embodiment, the vaccine 
formulation can be prepared as a multivalent vaccine. 
To this end, a mixture of different viruses, viral antigens 
or fragments thereof each of which contains a perturbed 
oligosaccharide moiety and which is capable of eliciting 
an immune response against a different viial pathogen 
can be mixed together in one formulation. 

Many methods can be used to introduce the vaccine 
formulations described above into a host. These in- 
clude, but are not limited to: intradermal, intramuscular, 
mtraperitoneal, intravenous, subcutaneous, and intrana- 
sal routes of administration. 

According to another embodiment of the present 
invention, the viruses, viral antigens and fragments 
thereof having a perturbed oligosaccharide moiety are 
used in a variety of methods to prepare nentralizmg 
antibodies which can be administered to confer short- 
term passive immunity for prophylaxis and/or therapy 
of viral infections. In one mode of this embodiment, a 
virus, viral antigen or fragment thereof having a per- 
turbed oligosaccharide moiety is used as an immunogen 
in any technique that provides for the production of 
antibody molecules by continuous cell lines Ln culture. 
For example, the present immunogens can be utilized in 
the hybridoma methods origmally developed by Kohler 
and Milstein, and reviewed by them in Sci. Amer. 243: 
66-74 (1980) as well as in the human B-cell hybridoma 
methods described by Kozbor et al.. Immunology 
Today 4: 72 (1983) and the EBV-hybridoma methods 
for producing human monoclonal antibodies described 
by Cole et al., in Monoclonal Antibodies and Cancer 
Therapy, Alan R. Liss, Inc., pp. 77-96 (1985) and the 
like. The monoclonal antibodies produced provide a 
readily available, consistent source of neutralizing an- 
tiboies specific for relevant vims which can be adminis- 
tered for passive immunization. 

This embodunent of the invention encompasses a 
method for preparing a composition for administration 
to an animal or a human to confer short-term passive 
immunity or for prophylaxis or therapy of a viral- 
induced infection comprismg: harvesting monoclonal 
antibodies produced by a hybridoma cell line formed by 
frising a myeloma or hybridoma cell and a ceil capable 
of producing antibody against a virus, viral antigen or 
fragment thereof having a pertrubed oligosaccharide 
moiety. It further encompasses a method for preparing 
a composition for administration to an animal or a 
human to confer short-term passive immunity or for 
prophylaxis or therapy of a viral-induced infection com- 
prising: harvesting monoclonal antibodies produced by 
a lymphocyte cell line formed by transformation by an 
EBV virus of a mammalian lymphocyte cell capable of 
producing antibody against a virus, vital antigen or 
fragment thereof having a perturbed oligosaccharide 
moiety. Additionally it encompasses a method for pre- 
paring a composition for administration to an animal or 
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prophylaxis or therapy of a viral-induced infection com- 
prising: (a) contacting a sample containing anti-viial 
antibodies with an. antigen comprising a vims, viral 
antigen or fragment thereof having a perturbed oligo- 
saccharide moiety to form an antibody-antigen com- 5 
plex; (b) separating the antibody-antigen complex from 
the sample; and (c) dissociating the antibody-antigen 
complex to obtain a purified antiviral antibody compo- 
sition. 

In another mode of this embodiment, a virus, viral 10 
antigen or fragment thereof ha>nng a perturbed oligo- 
saccharide moiety is used in a screening assay to iden- 
tify those viral-specific monoclonal antibodies which 
although known in the art have not been recognized as 
neutr^izing antibodies. Hence this method screens for IS 
and identifies neutralizing monoclonal antibodies which 
can then be administered for passive immunization. 

In yet another alternative mode of this embodiment 
of the present invention, a virus, viral antigen or frag- 
ment thereof is used to prepare neutralizmg antibodies 20 
from serum, plasma or fictions of immunoglobulms 
derived therefrom. For example, a virus, viral antigen 
or fragment having a perturbed oligosaccharide moiety 
is immobilized and used in a preparative a£Eaiity chro- 
matography format to isolate relevant neutralizmg anti- 25 
bodies from serum or plasma by the formation of im- 
mune complexes. The polyclonal neutralizmg antibod- 
ies are then separated from the immune complexes by 
conventional techniques. 

The neutralizing antibodies which react specifically 30 
with the compositions of the present invention contain- 
ing a perturbed oUgosaccharide moiety can be formu- 
lated to confer short-term passive immunity to the host. 
Adjuvants are not needed in this type of preparation 
because the object is not to stimulate an immune re- 35 
sponse, but rather to inactivate or bmd a viral pathogen. 
Thus, any suitable pharmaceutical carrier can be used. 
Passive immunization using such preparations can be 
utilized on an emergency basis for immediate protection 
of unimmunized individuals exposed to special risks of 40 
viral infections. Additionally, such preparations can be 
used prophylatically for viral infections such as measles ' 
and hepatitis. 

In its most general form, the method of this embodi- 
ment of the invention encompasses a method for protec- 45 
tion of an animal or a human from an infection induced 
by a vkus, comprising: administering to an animal or 
human an effective amount of a vaccine formulation 
which comprises a virus, viral antigen or fragment 
thereof havmg a perturbed oligosaccharide moiety. 50 

Such formulations can be administered to a host by 
routes including but not limited to: intradermal, intra- 
muscular, intraperitoneal, intravenous and subcutane- 
ous. 

4.3. Viruses and Viral Antigens 

The viruses, viral antigens and fragments thereof 
which are intended to be encompassed by the present 
invention include a wide variety of viruses such as 
DNA and BNA viruses including but not limited to 60 
retroviruses. 

Specific examples include: DNA viruses such as: 
Adenoyiridae such as adenoviruses subgroups B, C, D, 
E, F and G, etc; Herpesviridae such as herpes simplex I 
and II, cytomegalovirus, Epstein-Barr virus, varicella- 65 
zoster, etc.; Orthomyxoviridae such as influenza vi- 
ruses, etc; Hepadnaviridae such as hepatitis B, hepatitis 
non-A, non-B, etc.: Parvoviridae such as parvoviruses, 



etc.; RNA viruses such as Togaviridae such as rubella, 
etc.; Paramyxoviridae such as measeles, parainfluenza, 
respitatory syncytia] virus, etc.; Flavivkidae such as 
dengue virus types 1-4, yellow fever virus, tick-bome 
fever viruses, etc.; Rhabdoviridae such as rabies, vesicu- 
lar stomatitis virus, Marburg-Ebola vurus, etc.; 
Bunyaviridae such as Rift Valley Fever, California 
encephalitis virus group, sand fly fever virus, etc.; 
Arenavkidae such as Lassa fever virus, Junin vkus, 
lymphocytic ohoriomfiningitis virus, etc.; Reoviridae 
such as rotovinis, etc; Picomaviridae such as polio 
virus, coxsackieviruses, hepatitis A virus, rhinovirus, 
etc.; Retroviridae such as himian lymphoadenopathy- 
associated virus (LAV, HIV, HTLV-III), human T-cell 
lymphotrophic vims types I, n, m, feline leukemia 
vims, etc. 

The followuig Examples are given for the purpose of 
illustration and not by way of limitation on the scope of 
the invention. 

In the ELISA assays described below m which the 
virus was covalently attached to the microtiter pkte, 
the microtiter plates were pre-saturated using either 200 
ul of 0.5% calf IgG in 0.14 M NaCl or 300 ul of 0.5% 
bovme serum albumin in 0.5 M Tris-citrate buffer con- 
tainmg 0.1% Tween-20, pH 8.1 in order to eliminate the 
non-specific adsorption of virus or serum proteins or 
IgG. In the ELISA assays described below in which the 
virus was attached to the plate via adsorption, the virus 
was allowed to adsorb to the plate and then the plates 
were saturated using either calf IgG in 0.14 M NaCl or 
bovine serum albumin in 0.5 M Tris-citrate buffer. 

5. EXAMPLES: DETERMINATION OF 
NEUTRALIZING ANTIBODIES IN PURIFIED 
HUMAN IgG FROM SERA 

5.1. Detection of Neutralizing Anti-CMV Antibodies in 
Human IgG 

The following series of experiments demonstrate that 
ELISA assays m which the oligosaccharide moiety of 
the viral antigen was perturbed according to the present 
invention are useful for deffermining the titer of virus- 
neutralizing antibodies. In contrast, conventional 
ELISA assays in which the virus was either adsorbed or 
covalently attached without perturbation of the oligo- 
saccharide moiety are not. 

The antigen used in the assays was whole cytomega- 
lovirus (CMV) obtained from homogenates of cultured 
human fibroblast cells (MRC5) infected with CMV for 
sbt to eight days. The microtiter Wells containing an 
equivalent amount (about 1 ug/well) of CMV were 
prepared for the various ELISA assays as follows: 

(A) ELISA'S Usmg Antigen With Perturbed Oligo- 
saccharide. 

(1) Vims Covalently Attached Via Oxidized Oligo- 
saccharide Moiety: 

The carbohydrate moiety of CMV was oxidized 
using sodium periodate (NalO*) as described in Section 
4 and covalently coupled to a reactive amine on a side 
chain of thie polyhydrazidostyrene of the well. Addition 
of a reactive amine group to polystyrene (or the micro- 
titer well) was carried out by the method of Chin and 
Lanks [Anal. Biochem, 83: 709-19 (1977)1. Polystrene 
was furet converted to nitrostyrene which was then 
reduced to aminostyrene. Polyaminostyrene was then 
converted to polyhydrazidostyrene in a two-step pro- 
cess: (1) polyaminostyrene was succinylated; and then 
(2) an amide bond was formed betwen hydrazine and 
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the suooinylated polyaminostyrene using carbodiimide. 
(Ox Oligosaccharide Attached ELISA). 

(2) Virus Covalently Attached Via Amine Group, 
Oxidized Oligosaccharide Moiety: 

The CMV virus was covalently attached to the poly- 5 
carbostyrene via a peptide bond formed using carbodi- 
imide to couple an amine residue of the vims to an 
activated carboxyl of the polycarbostyrene. The carbo- 
hydrate moiety of the virus was then oxidized in situ 
using NaI04 as described in Section 4. (Amine Attached 10 
Oligosaccharide Ox ELISA). 

(B) Conventional ELIS A'S Using Antigen with Non- 
Perturbed Oligosaccharide. 

(1) Virus Covalently Attached Via Amine Group: 
CMV was attached using carbodiimide to form a 15 

peptide bond between an amine group of an amino acid 
residue of the virus and a free carboxyl group of a poly- 
carbostyrene of the well. (Amine Attached ELISA). 

(2) Virus Non-Covalenfly Attached: 

CMV was simply non-covalendy fixed by adsorption 20 
onto a non-modified polystyrene well. (Adsorption 
ELISA). 

Partially purified human IgG was obtained from 
human serum samples using conventional ammonium 
sulfate precipitation techniques. After precipitation, the 25 
tubes were centrifuged at 12,CXX) rpm for 5 minutes. The 
supernatant was discarded, the pellet was washed, 
recentrifuged and resuspended in 0.14 M NaCl. The 
partially purified human IgO samples were serially . 
diluted in Buffer I of the following composition: 30 



35 



Bovine serum albumin 


1.0% 


NaO 


0.14 M 


Glycine 


0.1 M 


Borate 


0,05 M 


Synperonic PE/L62 


0.10% (v/v) 



After a contact time of one hour at 37° C, the wells 
were washed with Buffer 11 but without bovine serum 
albumin (BSA). The enzymatic activity was determined 
at 37° C using p-nitrophenyl phosphate as substrate at a 
concentration of 0.2% (p/V) dissolved in a buffer con- 
taming; 2-aniino-2-methyl-l-propanol (0.62S M) and 
MgCl2 (2.0 mM), pH 10.25. The optical density was 
measured at 405 nm either every five minutes during a 
period of 30 minutes or after 30 minutes of incubation. 

A conventional CMV infective power neutralization 
assay was performed using MRCs cells in culture as 
described by Krech et al., Z. Immun.-Forsch, Bd. 141S: 
411-29(1971). 

Results are Ulustrated in Table 1. The antibody titer 
obtained usmg the ELISA assays and the conventional 
virus neutralization assays were calculated as a protein 
concentration of 1 mg/ml of non-diluted IgG sample. 
Table 2 presents the linear correlation coefficients ob- 
tained when the titers obtained by the various assays 
were compared. 

TABLE 1 . 

TITERS OF CMV-NEUTRALIZING ANTIBODIES IN 



Calf IgG 


0.5% 


NaCl 


0.14 M 


Glycine 


0.1 M 


Sodium borate 


a05M 


Synperomc FE/L62 


0.10% (v/v), 



adjusted to pH 8.1 with 1.0 M HCl. 100 ul of each dilu- 
tion was distributed in the weUs of the plate containing 
the CMV. After two hours mcubation at 37° C, the ^ 
plates were washed in the Buffer I, but without calf . 
IgG. 

Then 100 ul of a goat serum solution containing anti- 
human IgG labeled with alkaline phosphatase, diluted 
to 1/1000 in the foUowing Buffer II, was introduced 
into each well: 
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1 


128 


SO 


<S0 


400 


67 


Z 


256 


SO 


<50 


200 


144 


3 


256 


100 


100 


400 


519 


4 


512 


400 


100 


800 


1087 


5 


64 


<50 


<50 


50 


54 
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128 


SO 


50 


200 


67 


7 


256 


200 


200 


80O 


432 


8 


465 


364 


181 


727 


2780 


9 


621 


485 


485 


485 


1005 


10 


512 


400 


400 


>160a 


2923 


11 


128 


200 


100 


400 


387 


12 


256 


100 


100 


1600 


593 


13 


64 


<50 


50 


54 


100 


14 


256 


50 


50 


455 


400 



TABLE 2 



COMPARISONS OF ASSAYS FOR CMV-NEUTRALIZING 
ANTIBODIES 



Assay 



Linear Correlation Coeflicicnts 



Neutralization 
Adsorption 
ELISA 
Ox Oligo- 
saccharide 
Attached ELISA 
Amine Attached 
ELISA 

Amine Attached 
Oligosaccharide 
Ox ELISA' 



1 

0.74 
0.90 



1 

0.75 



1 



0.S2 0.6Z a41 I 

0.78(0.87) 0.65(0.64) 0.82(0.93) 0.46(0.48) 

Neutral- Adsorption Ox Oligo- Amine 

ization ELISA saccharide Attached 

Attached ELISA ELISA 



I 

Amine 
Attached 

Oligo- 
saccharide 
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COMPARISONS OF ASSAYS FOR CMV-NEUTRALIZING 
ANTIBODIES 



Assay 



Linear Conelation CoeflicieDts 



Ox ELISA 



°T1ie nilialMr In paKnlheses npnsoiu the eoirdation cselHcioit oblained when one abemnl titer 
value was discarded. 



14 



10 



13 



TABLE 3 



REPRODUaBILITY OF CMV NEIJTRAUZINO 
ANTIBODY ASSAY 



As demonstrated in Tables 1 and 2, the titer obtained 
using ELISA assays according to the present invention, 
i.e., the Ox Oligosaccharide Attached ELISA and the 
Amine Attached oligosaccharide Ox ELISA was 
highly positively correlated with the titer obtained 20 
using the conventional neutralization Assay (correla- 
tion coefficients, respectively: 90 and 0.87). On the 
other hand, the titer obtainwi using the conventional 
Amine Attached ELISA showed no significant correla- 
tion with the titer of neutralizing antibody (correlation 25 
coefficient: 0.52). The Amine Attached ELISA showed 
much weaker, non-significant correlation with titer of 
neutralizing antibody (correlation coefiicient: 0.74). 

Table 2 demonstrates further that there was a signifi- 
cant positive correlation between the titer obtained 
using the Ox Oligosaccharide Attached ELISA and the 
Amine Attached Oligosaccharide Ox ELISA (correla- 
tion coefficient: 0.93). At the same time, however, there 
was no significant correlation observed between the 
titers obtained tising the Adsorption ELISA and the 
Amine Attached Oligosaccharide Ox ELISA, or the 
Amine Attached Oligosaccharide Ox ELISA and the 
Amine Attached ELISA. This indicates that the signifi- 
cant correlation observed between the titers of neutral- 
izing antibody using the Neutralization Assay and both 40 
the Amine Attached Oligosaccharide Ox ELISA and 
the Ox Oligosaccharide Attached ELISA is not related 
to the method of covalent attachment, but rather may 
be related to the perturbation of the oligosaccharide 
moiety achieved by oxidation. Moreover, these results 45 
suggest further that it does not matter whether the oli- 
gosacchaiide perturbation occurs prior to or following 
covalent attachment of the virus to the microtiter weU. 



30 



35 



50 



5.2. Reproducibility of Neutralizing Antibody Titer 

The following experiment demonstrates the repro- 
ducibility of results obtained using an ELISA assay in 
which the virus was covalently attached to a insoluble 
support via an oxidized carbohydrate moiety of the 
virus. 

A series of ELISA assays to determine the titer of 
neutralizing anti-CMV antibodies was performed as 
described in Section 5.1 in which CMV was covalently 
attached to a reactive amine on a side chain of an insolu- 
ble support via an oxidized carbohydrate moiety of the 
CMV antigen. The samples used were purified IgG 
obtained from the same serum samples used for the 
experiments described in Section 5.1. One set of ELI- 
SA's were performed on one aliquot of purified IgG's, 
and a duplicate set of assays were performed on another 65 
aliquot of the same IgG's some 111 months later. The 
samples were stored frozen at —70° C. during the in- 
terim. Results are presented in Table 3. 





Antibody Titer - 


ELISA Virus Covalently 
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Attached Via Oxidized OllKOsaocharide 


No. 


Bxpedment 1 


Experiment 2 
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SO 


40 
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30 


40 


3 


100 


160 
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400 


320 


5 


<50 


160 


6 


SO 


<to 


7 


200 


160 
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364 


290 


9 


485 


388 


10 


400 


640 


11 


200 


160 


12 


100 


80 


13 


<30 


80 


14 


50 


80 



As demonstrated in Table 3, the results of antibody 
titers obtained using the ELISA assay in which the 
virus was covalently attached via a perturbed oligosac- 
charide moiety are highly reproducible. 

6. EXAMPLE: DETECTION OF NEUTRALIZING 
ANTIBODIES IN SERUM SAMPLES 

The following series of assays demonstrate that an 
ELISA assay in which the oligosaocharide moiety of a 
vims antigen was perturbed is useful for determining 
the titer of neutralizing antibody in human serum sam- 
ples. 

An ELISA assay was performed as described in Sec- 
tion 5.1 in which the oligosaccharide moiety of the 
CMV virus was oxidized and covalently coupled to a 
hydrazido group on the polyhydtazidostyrene of the 
microtiter weD. A conventional ELISA assay was per- 
formed as described in Section 5.1 in which the CMV 
was merely adsorbed to the microtiter welL A virus 
neutralization assay as described in Section S.l was also 
performed. 

Results of all three assays are compared in Table 4. 
TABLE 4 



55 



60 



Serum 
Sample 
No. 


Adsorption 
ELISA 
Titer" 


Neutralization 
Assay 
Titer 


Oxidized 
Oligosaccliaride 
Attached ELISA 
Titer' 


1 


6400 


160 


125 ■ 


2 


26600 


320 


250 


3 


102400 


640 


2000 


4 


25600 


640 


1000 


5 


102400 


2560 


4000 


6 


2S600 


2560 


4000 



"Conslallon coefllclent between Neutralization Asiay Tiler and Adsorption 
ELISA Tiler: H-a37. 

'Correlation eoeilident between Neutralization Assay Titer and Oxidized Oligosac- 
charide Attached ELtSA Titer: H-0.9& 

As demonstrated in Table 4, there was a highly signif- 
icant positive correlation between the titer of antibodies 
in human serum samples measured by the Neutraliza- 
tion Assay and by an ELISA assay in which the oligo- 
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saccharide moiety of CMV was oxidized and covalently 
coupled to the microtiter well. Thus using polyclonal 
sera, this ELISA assay is "predictive" of the im- 
munocompetent status of the patient. In contrast, no 
correlation was observed between the antibody titer 5 
measured by the Neutralization Assay and that obtained 
using a conventional ELISA in which non-perturbed 
CMV virus was merely adsorbed to the microliter well 

7, EXAMPLE: PERTURBATION OF 
OLIGOSACCHARIDE MOIETY OF VIRUS AND 
ATTACHMENT OF VIRUS TO A SOLID 

SUPPORT 

As suggested by results presented in Section 5.1 
above, when a pertiurbed antigen is used to determine is 
the titer of neutralizing antibodies in an ELISA format 
in which the antigen is covalently attached to the mi- 
crotiter well, it does not matter whether the oligosac- 
charide moiety is perturbed before or after covalent 
attachment to die microtiter well. The following series 20 
of experiments was performed to investigate the effect 
of perturbation of the oligosacchaiide moiety according 
to the present invention upon the ability of the virus to 
attach to a microtiter plate. 

The oligosaccharide moiety of CMV vims was per- 23 
turbed by oxidization using NaI04for 16 hours at 4° C. 
as described in Section 4. ELISA assays for anti-CMV 
antibodies were conducted as described in Section S.l,. 
in which: (1) CMV having a perturbed oligosaccharide 
moiety in PBS was adsorbed to a polystryene microtiter 30 
plate. (2) CMV having a perturbed oligosaccharide 
moiety was covalently coupled via the carbohydrate 
moiety to a reactive amine group of a polyhydrazidos- 
tyrene microtiter plate in the presence of phosphate 
buffer containing 0.1% Tween-20 (PBT). PBT was used 35 
to prevent non-covalent adsorption of CMV to the 
polyhydrazidostyrene plate. (3) Non-perturbed CMV in 
PBS was adsorbed to a polystyrene microtiter plate. 

Results are illustrated in Table 5. 



TABLE 5 



40 



OJMPARISON OF ELISA TITERS OF CMV WITH 
PERTURBED AND NON-PERTURBED 
OLIGOSACCHARIDE 



Ox Ox Non-Ox 

CMV CMV CMV 

IgC Adsorbed Covalently Adsorbed 

No. in PBS" in PBT* in PBS" 



45 



Y287 
Y1096 



4000 
1000 



4000 
1000 



8000 
8000 



"CMV either native or liaving a penurbed oligosaccharide moiety in PBS (pins- » 
pllote bufler sniine. pH 7.4) was immobilized by adsorption onto polystyrene micro- 
liter plalra. 

^CMV having a perturbed oligosaccharide moiety in PBT (50 mM phosphate buffer, 
0.1% Tweeil-20, pH 6.0) was covalently coupled to polyhydrazidostyrene or 
microtiter plates. 

As demonstrated in Table 5, there was no difference 35 
in ELISA titers obtained in which a perturbed antigen 
was either covalently attached or -merely adsorbed to 
the micro-titer well. When the perturbed CMV was 
incubated in the microtiter wells in the presence of 
PBT, the titer obtained was zero because the perturbed 60 
vkus does not adsorb in the presence of Tween-20 (te- 
sults not shown). 

The invention described and claimed herein is not to 
be limited in scope by the specific embodiments herein 
disclosed, since these embodiments are intended as illus- 65 
trations of several aspects of the invention. Any equiva- 
lent embodiments are intended to be within the scope of 



invention in addition to those shown and described 
herein wiE become apparent to those skilled in the art 
from the foregoing description. Such modifications are 
also intended to fall within the scope of the appended 
claims. 
What is claimed is: 

1. A method for detecting virus neutralizing antibod- 
ies in an aqueous sample, comprising: 

(a) contacting Q) a ligand which comprises a virus, 
viral antigen or fragment thereof, said virus, viral 
antigen or fragment thereof having perturbed oli- 
gosaccharide moiety, in which said perturbed oli- 
gosaccharide moiety was obtained by oxidation, by 
means of an agent selected from the group consist- 
ing of periodic acid, salts thereof, paraperiodic 
acid, salts thereof, metaperiodic acid, salts thereof, 
and oxidase enzymes, of an unperturbed oligosac- 
charide moiety, with (ii) an aqueous sample sus- 
pected of containing virus neutrahzing antibodies 
in an assay system selected from the group consist- 
ing of an enzyme-linked immunosorbent assay, a 
radioimmunoassay, an agglutination assay, and an 
immunofluorescence assay; and 

(b) detecting any reaction with the ligand; in which 
any reaction with the ligand indicates the presence 
of neutralizing antibodies in the sample. 

2. A method for detecting and quantitating virus 
neutraUzuig antibodies in an aqueous sample, compris- 
ing: 

(a) contacting (i) a ligand which comprises a virus, 
viral antigen or fragment thereof, said virus, viral 
antigen or fragment thereof having a perturbed 
oligosaccharide moiety, in which said perturbed 
oligosaccharide moiety was obtained by oxidation, 
by means of an agent selected from the group con- 
sisting of periodic acid, salts thereof, paraperiodic 
acid, salts thereof, metaperiodic acid, .salts thereof, 
and oxidase enzymes, of an unperturbed oligosac- 
charide moiety, with (ii) an aqueous sample sus- 
pected of containing vims neutralizing antibodies 
in an assay system selected from the group consist- 
ing of an enzyme-linked immunosorbent assay, a 
radioimmunoassay, an agglutination assay, and an 

. immunofluorescence assay; 

(b) detecting any reaction with the ligand; in which 
any reaction with the Ugand indicates the presence 
of neutralizing antibodies in the sample; and 

(c) comparing any reaction of ligand and antibodies 
to that of a standard. 

3. The method according to claim 1 or 2, in which the 
sample is an aliquot of a body fluid. 

4. The method according to cl^ 3, in which the 
body fluid is serum or plasma. 

5. The method according to claim 1 or 2, in which the 
aqueous sample is an aliquot of a solution of a mono- 
clonal antibody. 

6. The method according to claim 1 or 2, in which the 
vims neutralizing antibodies neutralize a vuns selected 
firom the group consisting of: adenoviridae, herpes- 
viridae, orthomyxoviridae, hepadnaviridae, par- 
voviridae, togaviridae, paramyxoviridae, flaviviridae, 
rhabdoviridae, bunyviridae, reoviridae, picomaviridiae 
and retroviridae. 

7. The method according to claim 1 or 2, in which the 
virus neutralizing antibodies neutralize cytomegalovi- 
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8. The method accordmg to claim 1 or 2 in which the 
wus neutralizing antibodies neutralize herpes simples I 
or herpes simplex n virus. 

9. The method according to claim 1 or 2, in which the ^ 
virus neutralizing antibodies neutralize hepatitis virus. 

10. The method according to cldm 1 or 2, in which 
the vims neutralizing antibodies neutralize rubella vi- 
rus. 

H. The method according to claim 1 or 2, m which 10 
the virus neutralizing antibodies neutralize measles vi- 
rus. 

12. The method according to claim 1 or 2, in which 
the virus neutralizing antibodies neutralize parainflu- jj 
enza virus. 

13. The method according to claim 1 or 2, m which 
the virus neutralizing antibodies neutralize dengue vi- 
rus. 

14 The method accordmg to claim 1 or 2, in which 20 
the virus neutralizing antibodies neutralize human lym- 
phadenopathy-assooiated virus (LAV, HTLV-in, 
HIV). 

15. The method accordmg to claim 1 or 2, further js 
comprising the step of dissociatmg any immune com- 
plexes which may be present in the aqueous sample 
prior to contacting the ligand with the sample. 



16. The method according to claim 1 or 2, in which 
the aqueous sample contuns artially purified immuno- 
globulin. 

17. A method for detecting virus neutralizing anti- 
bodies in an aqueous sample, comprising: 

(a) contacting a virus, viral antigen or fragment 
thereof with oxidizing agent selected from the 
group consisting of periodic acid, salts thereof, 
paraperiodic acid, salts thereof, metaperiodic acid, 
salts thereof, and oxidase enzymes to form a ligand 
which comprises a virus, viral antigen or fragment 
thereof, said virus, viral antigen or fragment 
thereof having a perturbed oligosaccharide moiety; 

(b) contacting the ligand with an aqueous sample 
suspected of containing virus neutralizing antibod- 
ies in an assay system selected from the group con- 
sisting of an enzyme-linked immimosorbent assay, a 
radioimmunoassay, an agglutination assay, and an 
mununofluorescence assay; 

(c) detecting any reaction with the ligand; in which 
any reaction with the ligand indicates the presence 
of neutralimg antibodies in the sample. 

18. The method according to claim 17, which further 
comprises: 

(d) comparing any reaction of the ligand and antibod- 
ies to that of a standard in order to quantitate the 
virus neutralizing antibodies. 
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ABSTRACT 



The present invention provides an agent for improving the 
blood stability of an endogenous ligand, which comprises an 
antibody that has affinity to the mammalian endogenous 
ligand but substantially does not neutralize the same, and the 
above-described agent for the prophylaxis and/or treatment 
for a disease for which an increase in the blood concentra- 
tion of the endogenous ligand and/or an prolonged blood 
half-life is prophylactically or therapeutically effective. Pro- 
vided that the above-described agent is administered alone 
to a mammal without co-administering the same or substan- 
tially the same compound as the endogenous ligand, the 
blood stability of the endogenous ligand increases and the 
receptor activity-regulatory action thereof is enhanced. 
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FIG. 3 
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FIG. 5 
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ANTIBODY DRUG 

TECHNICAL FIELD 

[0001] The present invention relates to a novel phanna- 
ceutical use of an antibody. More specifically, the present 
invention relates to a use of an antibody that has afiSnity for 
an endogenous ligand but does not completely neutralize the 
same, for enhancing the receptor activation action of the 
ligand by improving the stability of the ligand in blood. 

BACKGROUND ART 

[0002] Antibodies have excellent properties for pharma- 
ceutical products such as low incidence of side eiFects and 
long sustainability of efficacy because of their high speci- 
ficity and long half-life in blood. Tlie first antibody medicme 
in the modem sense tliat targets a disease-specific antigen 
was a mouse anti-CD3 monoclonal antibody approved as a 
tlierapeutic agent for acute rejection in the United States in 
1986 (trade name: Orthoclone); since then, however, devel- 
opment of antibody medicines had long been at a standstill 
because mouse monoclonal antibodies have drawbacks, for 
example, when tliey are administered to humans, anti-mouse 
immunoglobulin (Ig) human antibodies known as HAMA 
(Human Anti-Mouse Antibodies), are produced and cause 
efficacy reductions due to the shortened half-life of the drug 
and anaphylactic symptoms, and when antibody-dependent 
cell-mediated cytotoxicity (ADCC) or complement-depen- 
dent cytotoxicity (CDC) is utilized, the action remarkably 
decreases in the human body in the case of mouse Fc. 

[0003] However, in the 1 990s, as production technologies 
for cUmeric antibodies, humanized antibodies, and fully 

human antibodies were established and the problem of 
immunogciiicity and eflicacy reductions was resolved, anti- 
body medicines became highlighted again, and llierapeutic 
drugs mainly for intractable diseases such as cancers, graft 
rejection, cardiovascular diseases, infectious diseases, and 
autoimmune diseases were brought into actual application 
one by one; more than 100 antibody medicines, uicluding 
those in tlie clinical stage, have been developed to date. 

[0004] Most of the conventional antibody medicines, 

including tliose under development, are based on any of the 
modes of action: (1) binding to the target antigen and 
inhibiting (namely, neutralizing) the function thereof [e.g., 
anti-TNFa antibody (trade name: Remicade), anti-RSV sur- 
face protein antibody (trade name: Synagis)]; (2) function- 
ing as a carrier for delivering a drug (for example, chemo- 
therapeutic agent, toxin, radioisotope, cytokme, etc.) to 
patliogenic cells that express the target antigen [e.g., '°Y- 
bound anti-CD20 antibody (trade name: Zevalin), calichea- 
mycin-bound anti-CD33 antibody (trade name: Mylotatg)]; 
and (3) attacking the cells that express the target antigen by 
uUHzing ADCC or CDC [e.g., anti-HER2 antibody (trade 
name: Herceptin), anti-CD20 antibody (trade name: Rit- 
uxan)]. 

[0005] By contrast, as a new generation of antibody medi- 
cines, development of what are called agonist antibodies, 
which are intended to enhance the fijnction of the target 
antigen, rather than neutralizing the target antigen or killing 
the antigen-expressing cells, is being considered. For 
example, there has been proposed a method comprising 
cross-linking monomer molecules of a receptor that forms 
an oligomer by its ligand binding to activate signal trans- 



duction, like a tyrosine kinase type receptor, by using an 
antibody against such monomer molecules to activate the 
receptor (see, for example, WO 01/79494). 

[0006] However, with regard to antibody medicines that 
target humoral biologically active peptides (proteins) serv- 
ing as ligand molecules for receptors on the cell surface, 
such as cytokines and growth factors, neutralizing antibod- 
ies that inhibit the fiinction of the target antigen (i.e., 
receptor activation action) are mainly utilized. 

[0007] Although biologically active peptides (proteins) 
are utilized as pharmaceuticals since they are ligand mol- 
ecules that exhibit various pharmacological actions in a 
living organism, these are highly susceptible to peptidases 
(proteases) and are likely to undergo renal clearance because 
of tlieir small molecular weights so that their active forms 
generally have short half-life in die livmg organism. For this 
reason, the biological active peptides (proteins) have a 
drawback in terms of efficacy sustainability and a frequent 
dosing is often necessary. Although there have been attempts 
to extend the blood half-life of a biologically active protein 
such as a cytokme to improve the efficacy sustainability by 
using in combination an antibody that binds to the protein at 
a site where the protem's biological activity is not affected, 
in administering a pharmaceutical with the protein as an 
active ingredient (see, for example, Japanese Patent Kohyo 
publication No. SHO-60-502104), no such approaches have 
been in actual application. 

[0008] Also, unlike other biotechnology-based pharma- 
ceutical products such as cytokmes, which exhibit their 
ejfficacy at low doses, clinical doses of conventional anti- 
body medicines are generally enormous, in some cases, are 
as much as several hundred milligrams. Currently, antibody 
medicines are produced as recombinants using animal cells 
such as CHO cells, and are very expensive due to limitations 
on the amount of antibody produced and culture scale; 
therefore, the indications of antibody medicines are now 
limited to intractable diseases for which no adequate thera- 
peutic eifect is obtained witli any existing therapeutic drug. 
Although antibody medicines under clinical development 
include therapeutic drugs for chronic diseases affecting 
many patients (e.g., rheumatoid artliritis), it is critical to 
overcome the cost-related problems before the antibody 
medicine market is expanded to cover the area of lifestyle- 
related diseases such as diabetes and hyperlipidemia. 

[0009] Furthermore, it is also important from the view- 
point of safety to reduce the dose of an antibody medicine. 
Tlie majority of antibody medicines underdevelopment are 
either chimeric or humanized antibodies, however, they 
sometimes cause production of an anti-Ig human antibody 
(HACAor HAHA) because these comprise a mouse-derived 
variable region or CDR. Althougli the problem of anti-lg 
human antibody induction is neariy completely resolved by 
establishing a teclmology for producing a folly human 
antibody, the possibility of production of anti -human Ig 
human antibody with adtainistration of an antibody in large 
amounts cannot be ruled out because any antibody has the 
property of being non-self to the host as the intrinsic fate 
thereof. 

DISCLOSURE OF THE INVENTION 

[0010] It is an object of the present invention to provide a 
new generation of antibody medicine based on a different 
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basic concept from that of the conventional antibody medi- 
cines. Particularly, the present invention is directed to pro- 
viding a novel antibody medicine that is usefiil as a thera- 
peutic drug in the area of diseases for which existing 
antibody medicines do not have a sufBcient therapeutic 
effect and tlie market scale is large, such as life style-related 
diseases. In another aspect, the present invention is directed 
to reducing the amount of antibody used per course of 
treatment by providing an antibody medicine capable of 
having a therapeutic eflect at much lower doses compared 
with conventional antibody medicines, to thereby contribute 
to medical economics. 

[0011] The present mvention is partially based on the 
finding that an auti-PACAP monoclonal antibody recogniz- 
ing a certain partial sequence of pituitary adenylate cyclase- 
activating polypeptide (PACAP) as the antigenic determi- 
nant does not idiibit the action of PACAP [adenylate cyclase 
(AC) activation action], and that when the anti-PACAP 
antibody is administered alone to a mouse, endogenous 
PACAP which is normally not detected in blood, is detected 
as a complex with the antibody (i.e., stabilized in blood). 
Based on tliis finding, the present inventors thought that by 
administering an antibody tliat has affinity for an endog- 
enous ligand of tlie recipient animal and does not completely 
inhibit Ihe action of the ligand (non-neutralizing antibody) 
alone to the animal (i.e., without administering the ligand or 
an equivalent thereof), it would be possible to improve tlie 
blood stability thereof (i.e., increase the ligand concentration 
in blood) wliile retaining tlie physiological action of the 
endogenous ligand, and, as a resuh, to enhance the receptor 
activation action of the ligand. Hence, the present inventors 
newly prepared a non-neutralizing antibody against gluca- 
gon-like peptide-1 (GLP-1), succeeded in raising the plasma 
GLP-1 concentration to a level showing efficacy by admin- 
istering this to a rat, and developed the present invention. 

[0012] Accordingly, the present invention relates to 

[1] an agent for improving the blood stability of a mamma- 
lian endogenous ligand, wliich comprises an antibody that 
has an affinity to tlie endogenous ligand but does not 
neutralize the same substantially, 

[2] the agent of [1] above, wherein the improved blood 
stability of the endogenous ligand results in the enhance- 
ment of receptor activity-regulatory action thereof, 

[3] the agent of [1] above, wherein the neutralizing activity 
of tlie antibody is about 80% or less, 

[4] the agent of [1] above, wherein the blood concentration 
of the endogenous ligand becomes about twice or more 
compared to tlie case where the antibody is not administered, 

[5] the agent of [1] above, wherem the blood half-life of the 
complex of the endogenous ligand and the antibody is about 

twice or more as that of the endogenous ligand alone, 

[6] the agent of [1 ] above, wherein the blood half-life of the 
free endogenous ligand is about one week or less, 

[7] the agent of [1 ] above, wherein the endogenous ligand is 

a peptidic compound, 

[8] the agent of [7] above, wherein the endogenous ligand is 
one against a G protein-coupled receptor, 

[9] the agent of [8] above, wherein the endogenous ligand is 
one belonging to secretin/glucagon super family, 



[10] the agent of [9] above, wherein the endogenous ligand 
is selected from the group consisting of GLP-1, calcitonin, 
PACAP, VIP and analogs thereof, 

[11] the agent of [8] above, wherein the endogenous ligand 
is selected from the group consisting of LHRH, metastin, 
GPR7/GPR8 ligand, IVISH, ghrelin, apelin and analogs 
thereof, 

[12] the agent of [7] above, wherein the endogenous ligand 
is selected from the group consisting of EPO, TPO, insulin, 
interferon, growth hormone, GM-CSF, leptin, adiponectin 
and analogs thereof, 

[13] the agent of [7] above, wherein the endogenous ligand 
is selected from the group consisting of ANP, BNP, CNP, 
betacellulin, betacelluIin-64, adrenomedullin and analogs 

tliereof, 

[0013] [14] the agent of [1] above, wliich is for the 
prophylaxis and/or treatment of a disease m which an 
increased blood concentration and/or a prolonged blood 
half-life of the endogenous ligand are/is effective for the 
prophylaxis and/or treatment thereof, 

[0014] [15] the agent of [14] above, wherein tlie disease is 
selected from tlie group consisting of metabolic disease, 
bone and joint disease, cardiovascular disease, cranial nerve 
disease, infectious disease, cancer, blood disorder, urologic 
disease, infertility/erectile dysfunction, deficient growth and 
immunodeficiency, 

[0015] [16] a metliod for the prophylaxis and/or treatment 
of a disease in a mammal, wherein an increased blood 
concentration and/or a prolonged blood half-life of an 
endogenous ligand are/is effective for the prophylaxis and/or 
treatment of the disease, which method comprises adminis- 
tering to the mammal an effective amount of an antibody that 
has an afEnity to the endogenous hgand but does not 
neutralize the same substantially, without administering a 
compound the same as or substantially the same as the 
endogenous ligand, so as to increase the blood stability of 
the endogenous ligand, thereby enhancing a recqitor activ- 
ity-regulatory action of the ligand, and 

• [0016] [17] a use of an antibody that has an affinity for an 
endogenous ligand but does not neutralize the same sub- 
stantially for the manufacture of an agent for the prophylaxis 
and/or treatment of a disease in wliich an increased blood 
concentration and/or a prolonged blood half-life of the 
endogenous ligand are/is effective for the prophylaxis and/or 
treatment thereof, and the like. 

[0017] Wlien administered to an animal, the antibody of 
the present invention is capable of binding to an endogenous 
ligand and stabilizing tlie same to raise the blood ligand 
concentration and, as a result, to enhance the receptor 
activity-regulatory action of the ligand because of its char- 
acteristic of having aflinity for an endogenous ligands but 
not completely neutralizing the same. Also, because the 
antibody of the present invention exliibits its efiect in an 
amount sufficient lo capture a ligand that is present essen- 
tially only in trace amounts in blood, it permits a remarkable 
reduction in clinical doses compared with existing antibody 
medicines and enables the provision of a safer and less 
expensive preparation. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0018] FIG. 1 shows the binding activities of various 
anti-PACAP monoclonal antibodies [(a) PA-lNa; (b) 
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PA-3Na; (c) PA-5Na; (d) PA-6Na; (e) PA-2Ca; (f) PA-lCa] 
against PACAP38, partial peptides thereof, aiid VIR Tlie 
ordinate indicates [measured amount of label (B)]/[amounl 
of label without addition of competitive peptide (Bo)]x 
100(%); the abscissa indicates the concentration (M) of each 
competitive peptide. — O — : PACAP38NH,; — ® — : 
PACAP27NH2; —A—: PACAP(4-27)OH;' ^1— : 
PACAP(l-13)OH;— X— :VIP;— A— :PACAP(I4-38)NH2; 
— □— : PACAP(31-38)NH2 

[0019] FIG. 2 is a schematic diagram showing tlie antigen 
recognition sites of various anti-PACAP monoclonal anti- 
bodies. The upper box indicates PACAPSSNHj, and flie 
numerical figures thereon show amino acid numbers. The 
arrowhead indicates the processing site of PACAP27. The 
white portions of the box mdicate the amino acid sequences 
conunon to VIP, and Hie hatched portions indicates the 
amino acid sequences differing from VIP. 

[0020] FIG. 3 shows the neutralizing activities of various 
anti-PACAP monoclonal antibodies on PACAP38NH2. The 
ordinate indicates cAMP concentration (pmol/10' cells); the 
abscissa indicates antibody concentration (nM). — O — : 
PA-lNa; —A—: PA-3Na; — □— : PA-5Na; — ■— : 
PA-6Na; —A—: PA-2Ca; — •— : PA-lCa 

[0021] FIG. 4 shows the suppressive eflfect of the anti- 
PACAP non-neutralizing monoclonal antibody PA-6Na on 
PACAP38 degradation by DPP-IV. The ordinate indicates 
tlie degree of binding of '"1-PACAP27 to PACAP receptor 
(the residual radioactivity difference between experiment 1 
and experiment 2 is sliown as %, witli the residual radioac- 
tivity measured with the receptor binding site saturated with 
excess PACAP38 as 0%, and the activity measured in tlie 
absence of PACAP38 as 100%); the abscissa indicates the 
dilution factor of DPP-IV expressing cell membrane fac- 
tion. — O — : in the presence of PA-6Na; — • — : in the 
absence of PA-6Na 

[0022] FIG. 5 shows the suppressive elFecl of tlie anti- 
PACAP non-neutralizing monoclonal antibody (PA-6Na) on 
PACAP38 degradation by recombinant DPP-IV. The ordi- 
nate indicates tlie degree of binding of '-^1-PACAP27 to 
PACAP receptor (ratio of residual radioactivity, with the 
radioactivity of input '-=1-P.A.CAP27 as 100%); the abscissa 
indicates the dilution factor of DPP-IV. Symbols show 
respective conditions: — □ — : in the presence of PA-6Na 
and in the absence of DPP-IV mhibitor; — ■ — : in the 
co-presence of PA-6Na and DPP-IV inhibitor; — o — : in the 
absence of antibody and DPP-IV inhibitor, — • — : in the 
absence of antibody and m the presence of DPP-IV inhibitor. 

[0023] FIG. 6 shows the results of a reporter gene assay of 
anti-GLP-1 antibodies agauist GLP-l(7-36) amide [FIG. 
6A: GL1T2-329(1)24 (non-neutrahzing antibody) and FIG. 
6B: GLITI -492(1)2 (neutralizing antibody)]. The ordinate 
indicates the residual GLP-1 activity when 2 nM GLP-1(7- 
36)amide was reacted with each concentration of anti- 
GLP-1 antibody, which activity was standardized with 
GLP-1 activity, when reacted with tlie same concentration of 
aiiti-erytliropoietin monoclonal antibody, as 100%. Each 
iimiierical figure on tlie abscissa shows the molar ratio of 
anti-GLP-1 antibody concentration to GLP-!(7-36) amide 
concentration. 

[0024] FIG. 7 shows tlie results of a GLP-l/GLP-1 recep- 
tor binding inhibition assay of anti-GLP-1 antibodies against 



GLP-1 (7-36) amide [GL1T2-329(1)24 and GLIT 1-492(1)2]. 
The ordinate indicates the ratio (residual binding activity) of 
'"^1-Iabeled GLP-1 bound to GLP-1 receptor membrane 
fraction when 200 pM '-^1-labeled GLP-l(7-36)aniide was 
reacted with anti-GLP-1 antibody, which ratio was standard- 
ized with tlie amount of '-^1-labeled GLP-1 bound to GLP-1 
recqjtor membrane fraction, when reacted with the anti- 
PACAP38NH2 non-neutralizing antibody obtained in 
Example 3 (PA-6Na), as 100%; each numerical figure on the 
abscissa shows the molar ratio of anti-GLP-1 antibody 
concentration to '^^1-labeled GLP-l(7-36) amide concentra- 
tion. 

[0025] FIG. 8 shows the suppression effect of an anti- 
GLP-1 non-neutializing monoclonal antibody (GL1T2- 
329(1)24) on the degradation of GLP-1 (7-36) amide by 
DPP-IV. The ordinate indicates the percentage of the amount 
of residual GLP-1 (7-36) amide after DPP-IV digestion, 
measured by ELISA, which was standardized with the 
amount of GLP-1 (7-36) amide in the absence of the anti- 
body and DPP-IV as 100%. Respective conditions are 
shown: GL1T2-329(1)24: in tlie presence of GL1T2- 
329(1)24; Aiiti-BPO Ab: in the presence of anti-erythropoi- 
elin antibody; None: in the absence of antibody; DPP-1V(+): 
in the presence of DPP-IV; DPP-IV(-): in the absence of 
DPP-IV. 

[0026] FIG. 9 shows plasma GLP-1 (7-36) amide concen- 
trations obtained one day after intraperitoneal administration 
of each of saline, mouse IgG (20 mg/kg) and the anti-GLP-1 
non-neutralizing monoclonal antibody GL1T2-329(1)24 (20 
mg/kg) to satiated Wister Fatty rats (3 animals per group). 

BEST MODE FOR EMBODYING THE 
INVENTION 

[0027] The antibody used in the agent for improving the 
blood stability of die present invention is not subject to 
limitation, as long as it has aflHnity to an endogenous ligand 
of a mammal (for example, human, monkey, bovine, horse, 
swine, sheep, goat, dog, cat, rabbit, rat, mouse, hamster, 
guinea pig and the like) and substantially does not neutralize 
the same. 

[0028] As used herein, "endogenous" means naturally 
existing (-inherent) in a living organism (in the present 
invention, in the body of the mammal as the recipient of the 
agent for improving the blood stability of the present inven- 
tion). Therefore, one adnunistered to the animal from out- 
side tihe body thereof is not included even when it is the same 
substance as a substance naturally occurring in a living 
organism. 

[0029] "A ligand" means a molecule that is capable of 
specifically buiding to a molecule that is present in cells and 
has the iimction of recognizing- and transmitting external 
stimuli (i.e., receptor) to activate (=agonistic) or not to 
activate (antagonistic) the function of the receptor; examples 
thereof mclude, but are not limited to, hormones, cytokines, 
chemokines, growth factors, hematopoietic factors, neu- 
rotransmitters and the like. 

[0030] "Substantially does not neutralize" an endogenous 
ligand means that the biological activity (i.e., receptor 
activity-regulatory action) of an endogenous ligand mol- 
ecule is not mhibited at all, or an endogenous ligand 
molecule is inhibited only to the extent that the endogenous 
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ligand as a whole can exhibit the biological activity neces- 
sary for the living organism. That is, there are some cases in 
which the desired ligand activity can be exhibited as a whole 
even if the activity of each endogenous ligand molecule is 
partially inhibited, because the antibody stabilizes the 
endogenous ligand to increase tlie blood ligand conceutra- 
lion, so that the antibody apparently does not neutralize Ihe 
endogenous ligand. Herein, an antibody that substantially 
does not neutralize an endogenous ligand is hereinafter 
sometimes referred to as "a non-neutralizing antibody" 

[0031] Preferably, the non-neutralizing antibody used in 
the present invention has a neutralizing activity of about 
80% or less, more preferably about 50% or less, particularly 
preferably about 20% or less. As used herein, "neutralizing 
activity" means the percent inhibition of the activity of the 
endogenous ligand molecule. Ligand activity means recep- 
tor activity-regulatory action, and it can be measured with 
tlie activity of the receptor (efiector activity-regulatory 
action) as die index for an agonistic ligand, or witli the 
ability to bind to the receptor or tlie like as the index for au 
antagonistic ligand. Neutralizing activity can be calculated 
using the equation below. 

neutralteing activity {%)'"{[j<(h!j-['^boniidM-^&.J'< 

too 

Af^^. ligand activity in the absence of antibody 

Abound' ligand activity in the presence of antibody 

[0032] The endogenous ligand targeted by the agent for 
improving the blood stability of the present invention is not 
subject to particular limitation, as long as the ligand's 
biological activity enhanced as a result of its stabilization by 
an antibody has an effect desirable for the living organism, 
and it may be any ligand molecule that lias a shorter blood 
half-life tlian that of the antibody. 

[0033] Preferably, the endogenous ligand that can be sta- 
bilized by the present invention is exemplified by a peptidic 
compound. As used heiem, "a peptidic compound" means an 
optionally chosen compound having 1 or 2 or more peptide 
bonds in tlie molecule thereof; preferably, "a peptide" or "a 
protein" resulting from tlie polymerization of a plurality of 
amino acids via peptide bonds can be mentioned. 

[0034] In the present description, a peptide or protein 
shown by an amino acid sequence is denoted with the 
N-terminal (amino terminal) described as the left end and 
tlie C-terminal (carboxyl terminal) as the right end, in 
accordance witli the common way of describing peptides. 
The peptide or protein that is an endogenous ligand in the 
present invention may have any of a carboxyl group, a 
carboxylate, an amide or an ester at the C-terminal tliereof. 
Wlien the peptide or protein has a carboxyl group (or 
carboxylate) at a position other than tlie C-terminal, tlie 
carboxyl group may be aniidated or esterifled. Furthermore, 
tlie peptide and protein may also include a peptide or protein 
wherein tlie amino group of tlie N-terminal amino acid 
residue is substituted by foniiyl group, acetyl group and the 
like, a peptide or protem wherein the N-terminal glutamine 
residue has been converted to pyroglutamic acid, or a 
peptide or protein wherem a substitutent (for example, 
— OH, — SH, amino group, imidazole group, indole group, 
guanidino group and the like) on a side cham of an amino 
acid in the molecule is substituted by other substitutent (for 
example, foniiyl group, acetyl group and the like). 



[0035] -AJtematively, complex proteins (peptides) wherein 
a sugar chain, a fatty acid, a hpid, a nucleic acid and the hke 
are bound to a peptide chain are also encompassed in the 
scope of peptides or proteins in the present invention. 

[0036] As specific examples of preferable peptidic com- 
pounds as endogenous ligands, peptides or proteins that 
ftinction as biologically active substances such as hormones, 
cytokmes, chemokines, growth factors, hematopoietic fac- 
tors, and neurotransmitters can be mentioned. 

[0037] As examples of hormone, glucagon-like peptide-1 
(GLP-1), calcitonin, pituitary adenylate cyclase-activating 
polypeptide (PACAP), vasoactive intestinal polypeptide 
(VIP), atrial natriuretic peptide (ANP), brain natriuretic 
peptide (BNP), C-type natriuretic peptide (CNP), leuteiniz- 
ing hormone-releasing hormone (LH-RH), melanocyte- 
stiniulating hormone (MSH), ghrelin, erythropoietin (EPO), 
thrombopoietin (TPO), insulin, growth hormone, leptin, 
adiponectin, adrenomedullin, tissue plasminogen activator 
(tPA), single-chain urokinase-type plasminogen activator 
(scu-PA), two-chain lurokinase-type plasminogen activator 
(tcu-PA), angiotensin I, angiotensin III, angiotensin II 
inhibitor, bradykinin, corticotropin, dynorphin, kyotorphin, 
endorphin, enkephalin, secretin, growth hormone-releasing 
factor (GBIF), neurotensin, parathyroid hormone (PTH), 
ox3rtocin, vasopressin, vasotocin, somatostatin, thyrotropin- 
releasing hormone (TRH), thyroid-stimulating hormone, 
prolactin and the like can be mentioned. 

[0038] As examples of hormone cytokine, interleukins 
(e.g., IL-1 to IL-20), intetfeions (e.g., IFNa, IFNP, IFNy), 
granuloc3rte-macrophage colony-stimulating factor (GM- 
CSF), granulocyte colony-stimulating factor (G-CSF), mac- 
rophage colony-stimulating factor (M-CSF), tumor necrosis 
factor (TNF), lymphotoxm, T-cell replacing factor (TRF), 
antigen-specific suppressor factor (TsF), soluble immune 
response suppressor factor (SIRF), suppressor-inducing fac- 
tor (SIF), macrophage activating factor (MAF), macrophage 
migration inhibitory factor (MIF), leukocyte migration 
inhibitory factor (LIF) and the like can be mentioned. 

[0039] .As examples of chemokine, CXC chemokines such 

as ENA-8, GCP-2, GRO-a, GRO-P, GRO-y, BCA-1, IP-10, 
MIG, PF-4 etc., CC chemokines such as MlP-3a, MIP-3(3, 
eotaxm; eotaxin-2, MCP-1 to 4, MlP-la, MIP-lp, RANTES 
etc., C chemokines such as lymphotactin etc., CX, C 
chemoldnes such as fractalkin, neurotactin etc. and the like 
can be mentioned. 

[0040] As examples of growth factor, EGF family such as 
epidermal growth factor (EGF), betacelluliii, betacellulin- 
84, transforming growth factor-a (TGF-a), heparin-binding 
EGF-like growth factor (HB-EGF) etc., PDGF family such 
as platelet-derived growth factor (PDGF), vascular endot- 
helial growth factor (VEGF) etc., FGF family such as 
fibroblast growth factor (e.g., FGF-I to -9) etc., IGF family 
such as insulin-like growth factor (e.g., IGF-1, IGF-II) etc., 
HGF family such as hepatocyte growth factor (HGF) etc., 
TGF-P family such as transfonning growth factor-P (e.g., 
TGF-pi to -pS) etc., NGF family such as neurotropliins 
(e.g., NT-I to -.5) etc., and the like can be mentioned. 

[0041] As examples of hematopoietic factor, the above- 
mentioned EPO, TPO, GM-CSF, G-CSF, M-CSF and the 
like can be mentioned. 
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[0042] As examples of neurotransmitter, the above-mea- 
tioned dynorphin, kyotorphin, endorphin, enkephalin and 
the like can be mentioned. 

[0043] In a preferred mode of embodiment, the agent for 
improving the blood stability of the present invention sta- 
bilizes a peptidic compound that is an endogenous ligand for 
a G protein-coupled receptor (GPCR). Examples of the 
GPCR include, but are not limited to, class A GPCRs such 
as neuropeptide receptors and chemokine receptors, class B 
GPCRs such as glucagon receptor, calcitonin receptor, and 
PTH receptor, and the like. As examples of endogenous 
ligands for class B GPCRs, peptides or protems belonging to 
tlie secretin/glucagon super family, such as GLP-1, calcito- 
nin, PACAP, and VIP, can be mentioned. As examples of 
endogenous ligands for GPCRs other than those of class B, 
LH-RH, metastin, GPR7-specific ligand [also referred to as 
neuropeptide B (NPB)] and ligand for both GPR7 and GPRS 
[also referred to as neuropeptide W (NPAV)] (these are herein 
generically referred to as GPR7/GPR8 ligands), MSH, glire- 
lin, APJ receptor-specific ligand (referred to as apelin) and 
die like can be mentioned. 

[0044] In another preferred mode of embodiment, the 
agent for improving the blood stability of the present inven- 
tion stabilizes a peptide or protein tiiat is an endogenous 
ligand tor receptors except GPCR. As examples of such 
peptides, ANP, BNP, CNP, beta cellulin, beta cellulin 64, 
adrenomedullin and tlie like can be mentioned; as examples 
of such proteins, EPO, TPO, insulin, interferons, growth 
hormones, GM-CSF, leptin, adiponectin and the like can be 
mentioned. 

[0045] The above-described peptide or protein may have 
an amino acid sequence differing from a Imown amino acid 
sequence with respect to 1 or 2 or more amino acids, as long 
as it is endogenous to the recipient mammal and retains the 
action as a ligand. As used herein, "retains the action as a 
ligand" means to retain the capability of binding to the 
receptor, and tlie degree of agonism/antagonism may differ. 
Such examples include, but are not limited to, genetic 
polymorphisms, splicing variants, fragments resulting firom 
post-lranslalional processing, and (he like. These are herein 
generically referred to as "analogs". 

[0046] The present invention can be applied to any endog- 
enous ligand other than peptidic compounds, as long as it 
can produce a non-neutralizing antibody. As such endog- 
enous ligand, for example, ligands to GPCR or nuclear 
receptor such as non-peptidic hormones including steroid 
(e.g., glucocorticoid, eslragiol, estriol, lesloslerone, elc.) 
etc., biological amine (e.g., adrenaline, dopamine, hista- 
mine, acetylcholine, noradrenaline, etc.), lipid (e.g., anan- 
damide, canuabinoide, leukotriene, lysophosphatidic acid, 
platelet-activating factor, etc.), fatty acids (e.g., GPR40 
ligand, etc.), eicosanoid (e.g., prostaglandin, thromboxane, 
etc.), bile acid (e.g., TGR5 ligand, etc.), amino acid or 
derivative thereof (e.g., metabolic glutamate, GABA, etc.), 
purine or nucleic acid (e.g., adenosine, cAMP, ATP, UTP, 
ADP, UDP, etc.) and the like can be mentioned. 

[0047] The agent for improving the blood stability of the 
present invention is characterized by extending the blood 
half-lile of an endogenous ligand by forming an immune 
complex witli an antibody. For example, the blood half-life 
of a peptidic endogenous ligand like a biologically active 
peptide is very short because it is likely to undergo degra- 



dation by a peptidase in a living organism, because its renal 
clearance is fast, and because of other reasons. On the other 
hand, the blood half-life of an antibody is very long; for 
example, in tlie case of a whole antibody molecule, tlie blood 
half-life thereof is reportedly normally about 3 weeks. As a 
biologically active peptide lias formed an immune complex 
with an antibody against the same, factors that destabilize 
tlie biologically active peptide, such as peptidases, are 
prevented by the antibody molecule fiom approaching to the 
target cleavage site of the peptide molecule, and the molecu- 
lar size as the peptide-antibody complex increases so that the 
peptide is more unlikely to undergo renal clearance; for 
these and other reasons, the blood stability of the peptide 
improves [for example, peptides such as GLP-1 and PACAP 
are cleaved at the N-terminus thereof by dipeptidyl-pepti- 
dase-IV (lierein sometimes abbreviated as DPP-IV); because 
the resultiag fragments have antagonist activity for the 
receptors, the agent for improving the blood stability of the 
present invention, which comprises a non-neutralizing anti- 
body against these peptides, is particularly useful as a 
suppressor of the degradation of the peptides by DPP-IV]. 

[0048] Therefore, the agent for improving the blood sta- 
bility of the present invention can be generally used to 
improve the blood stability of an endogenous ligand whose 
blood half-life in the free form is shorter tlian that of an 
antibody (to be specific, an endogenous ligand whose blood 
half-life in tlie free form is about 1 week or less); preferably, 
the agent for improving the blood stability of the present 
invention can be applied to an endogenous ligand whose 
blood half-life in the firee forai is about 1 day or less, more 
preferably about 12 hours or less, still more preferably about 
6 hours or less, particularly preferably 2 hours or less, most 
preferably 1 hours or less and the like. 

[0049] .Altliough the antibody used m the present inven- 
tion may be a monoclonal antibody or a polyclonal antibody, 
as long as it substantially does not neutralize the endogenous 
ligand that is an antigen, it is preferable to use a monoclonal 
antibody for obtaining a non-neutralizing antibody relatively 
easily because the region where antibody can bind without 
neutralizing the antigen is normally limited. Although the 
isotype of the antibody is not subject to limitation, it is 
preferably IgG, IgM or IgA, particularly preferably IgG. 

[0050] The antibody used in the present invention is not 
subject to limitation, as long as it has at least a complemen- 
talily deteimining r^ion (CDR) for specifically recognizing 
and binding to the target antigen; in addition to the whole 
antibody molecule, the antibody may, for example, be a 
fragment such as Fab, Fab', or F(ab'),, a genetically engi- 
neered conjugate molecule such as scFv, scFv-Fc, minibody, 
or diabody, or a derivative tliereof modified witli a molecule 
having protein stabilizing action, such as polyethylene gly- 
col (PEG), or the like, and the like. 

[0051] When the antibody used in the present invention is 
a monoclonal antibody, it can be prepared by, for example, 
the following method. 

(1) Preparation of Immunogen 

[0052] As the immunogen, a compound having one or 2 or 
more kinds of the same epitope as the target antigen or 
derivative thereof can be used. For example, when the target 
antigen is a peptidic compound such as a peptide or protein, 
the antigen or derivative thereof can be obtained by (a) 
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isolating and purifying from an antigen-producing tissue or 
cells of a mammal, for example, a human, monkey, rat, 
mouse and the like, by using a method known per se or a 
method based thereon, (b) chemically syafhesiziiig by a 
method of peptide synthesis known per se, using a peptide 
synthesizer and the like (c) culturmg a transformant com- 
prising a DNA thai encodes the antigen or derivative Hiereof, 
or by (d) biochemically synthesizing by using a cell-free 
transcription/translation system with a nucleic acid that 
encodes the antigen or derivative thereof as a template. 

[0053] (a) When the antigen is prepared from a mamma- 
lian tissue or cells, it is possible to isolate and purify the 
antigen by homogeuizuig the tissue or cells, thereafter 
performing extraction with an acid or alcohol and the like, 
and subjecting the extract to a protein separation technique 
laiown per se (e.g., saltmg out, dialysis, chromatographies 
such as gel fiUralion clu-omalography, reversed phase chro- 
matography, ion-exchange chromatography, and aflEnity 
chromatography, and the like). The antigen peptide (protein) 
obtained can be used as the immunogen as is, and can also 
be used as the inunimogen in the form of a partial peptide 
prepared by luiiited degradation using a peptidase and the 
like, 

[0054] (b) When tlie antigen or a fragment or derivative 
thereof is chemically synthesized, the synthetic peptide is 
exemplified by ones having the same structiire as tlie above- 
described antigen peptide (prolein) purified Jrom naturally 
occurring substances; to be specific, a peptide comprising 1 
or 2 or more kinds of tlie same amino acid sequence as the 
amino acid sequence at an optionally chosen portion com- 
prising 3 or more, preferably 6 or more, amino acids in the 
amino acid sequence of the antigen peptide (protem) and the 
like are used. 

[0055] (c) When the antigen or a fragment or derivative 
thereof is produced using a fransformant comprising a DNA, 
the DNA can be prepared according to a known cloning 
method [for example, the method described in Molecular 
Cloning (2nd ed.; J. Sambrook et al., Cold Spring Harbor 
Lab. Press, 1989) and the like]. As the cloning method, for 
example, a method for (i) isolating a DNA that encodes the 
antigen from a cDNA library by the hybridization method 
using DNA probes designed on the basis of the gene 
sequence that encodes tlie antigen peptide (protein), (ii) 
preparing a DNA tliat encodes tlie antigen or a fragment 
thereof by a PGR metliod using DNA primers designed on 
the basis of the gene sequence that encodes tlie antigen 
peptide (protein) with a cDNA as the template, and inserting 
the DNA into an expression vector matcliing a host, there- 
after transforming the host witli the expression vector, and 
culturing the thus-obtained transformant in a suitable 
medium, and the like can be mentioned. 

[0056] (d) When a cell-free transcription/translation sys- 
tem is utilized, a method for synthesizing an mRNAby using 
an expression vector incorporating a DNA that encodes the 
antigen or a fragment thereof (for example, an expression 
vector wherein the DNA is placed under the control of the 
T7 or SP6 promoter and the like, and tlie like) as the 
template, that was prepared by the same method as (c) 
above, a transcription reaction mixture comprising an RNA 
polymerase matching the promoter, and its substrates 
(NTPs); and tliereafter performmg a translation reaction 
witli the mRNA as the template using a known cell-free 



translation system (e.g., E. coli, rabbit reticulocytes, extract 
from wheat germ etc.), and the like can be mentioned. By 
adjusting tlie salt concentration and the like appropriately, 
the transcription reaction and the translation reaction can 
also be carried out in the same reaction mixture at one time. 

[0057] As the immunogen, a whole antigen peptide (pro- 
tein) molecule or a peptide having a partial amino acid 
sequence can be used. Wlien a whole antigen peptide is used 
as the immunogen, selection is performed with neutraliza- 
tion activity and antigenic detemiinant mapping as the 
indexes. On the other hand, when antibodies recognizing a 
particular epitope are systemically generated and selected 
with a neutralizing activity as the index, a peptide having a 
partial amino acid sequence of an antigen peptide (protein) 
is used as the immunogen. 

[0058] As examples of the partial amino acid sequence, 
those comprising 3 or more continuous amino acid residues, 
preferably those comprising 4 or more, more preferably 5 or 
more, still more preferably 6 or more continuous amino acid 
residues, can be mentioned. Altematively, as examples of the 
amino acid sequence, those comprising 20 or less continu- 
ous amino acid residues, preferably those comprising 18 or 
less, more preferably 15 or less, still more preferably 12 or 
less continuous amino acid residues, can be mentioned. A 
portion of these amino acid residues (e.g., 1 to several 
residues) may be substituted with a substitufent group (e.g., 
Cys, hydroxyl group, etc.). Tlie peptide used as the inunu- 
nogen has an amino acid sequence comprising one to several 
such partial amino acid sequences. 

[0059] Such a peptide can be produced in accordance witli 
the methods (b) to (d) above, or by cleaving an antigen 
peptide (protein) or a derivative thereof, prepared by the 
methods (a) to (d) above, with a suitable peptidase and the 
like; however, to prepare peptides having various partial 
amino acid sequences systematically, it is preferable to use 
a known method of peptide synthesis. 

[0060] The method of peptide synthesis may, for example, 
be any of solid phase synthesis and liquid phase synthesis. 
The desired peptide can be produced by condensing a partial 
peptide or amino acids tliat can constitute the peptide and the 
remauiing portion, and removing the protecting group when 
the product has a protecting group. Condensation and 
removal of protecting group can be achieved by known 
methods, for example, the methods described in (1) or (2) 
below. 

(1) M. Bodanszk7 and M. A. Ondetti: Peptide Synthesis, 
Interscience Publishers, New York (1966) 

(2) Schroeder and Luebke: The Peptide, Academic Press, 
New Yorii (1965) 

[0061] And after the reaction, the peptide can be purified 
and isolated using conventional methods of purification, 
such as solvent extraction, distillation, column chromatog- 
raphy, Uquid chromatography, recrystallization, etc., in com- 
bination thereof. When the peptide obtained by the above- 
mentioned method is in a free form, it can be converted to 
a suitable salt by a known metliod; conversely, when the 
peptide is obtained in the form of a salt, tlie salt can be 
converted to a free form or other salt by a known method. 

[0062] For an amide form of peptide, commercially avail- 
able resins for protein synthesis, which are suitable for 
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amide fonnation, can be used. As examples of such resins, 
clilorometliyl resin, hydroxymethyl resin, benzhydrylamine 
resin, amiuouietliyl resin, 4-benzyloxyben2yl alcohol resin, 
4-methylbenzhydrylamine resm, RAM resin, 4-hydroxym- 
etliylmetliylplienyl acetamidomethyl resin, polyacrylamide 
resin, 4-(2',4'-dimetlioxyphenyl-hydroxymethyl)phenoxy 
resin, 4-(2',4'-dimethoxyphenyl-Fmoc-aminoethyl)phenoxy 
resin and the like can be mentioned. Using such resins, 
amino acids liaving a-amino groups and side-chain ftinc- 
tional groups appropriately protected are condensed on the 
resin in accordance with the sequence of the desired peptide 
according to various condensation methods known per se. At 
the end of the reaction, the peptide is excised from the resin 
and the various protecting groups are removed simulta- 
neously, thus afFording tlie desired peptide. Alternatively, the 
desired peptide can also be obtained by usmg chlorotrityl 
resm, oxime resin, 4-hydroxybenzoic acid resin and the like, 
excising a partially protected peptide, and ftirther removing 
protecting groups by a conventional method. 

[0063] For the above-described condensation of protected 
amino acids, various activation reagents for peptide synthe- 
sis may be used, vvitli preference given to carbodiimides. As 
the carbodiimides, DCC, N,N'-diisopropylcarbodiimide, 
N-ethyl-N'-(3-dimetliylaminopropyl)carbodiimide and the 
like can be mentioned. For activation with lliese reagents, 
protected amino acids may be added directly to the resin 
along with a racemization inhibitor (for example, HOBt, 
HOOBt etc.), or may be added to tiie resin after being 
previously activated to the form of a symmetric acid anhy- 
dride, HOBt ester, or HOOBt ester. Solvents to be used in 
the activation of protected amino acids or condensation with 
the resin can be selected as appropriate fl:om among the 
solvents known to be usable for peptide condensation reac- 
tions. For example, acid amides such as N.N-dunethylfor- 
mamide, N,N-dimethylacetamide, and N-methylpyrroli- 
done; halogenated hydrocarbons such as methylene chloride 
and chloroform; alcohols such as trifluoroethanol; sulfox- 
ides such as dimethylsulfoxide; tertiary amines such as 
pyridine; etliers such as dioxane and tetrahydrofuran; nitriles 
such as acetonitrile and propiouitrile; esters such as methyl 
acetate and ethyl acetate; appropriate mixtures of these 
solvents, and the like can be used. Reaction temperature is 
selected as appropriate from the range known to be useftil 
for peptide bond formation reactions, and is normally 
selected as appropriate from the range of about -20° C. to 
about 50° C. Tlie activated amino acid derivative is normally 
used in an excess of about 1 .5 to about 4 times. If a test using 
the ninhydrin reaction reveals insufficient condensation, the 
condensation can be completed by repeating the condensa- 
tion reaction without splitting off the protecting groups. If 
tlie condensation is yet insufficient even after repeating the 
reaction, unreacted amino acids can be acetylated witli acetic 
anliydride or acetylimidazole so that an influence on the 
subsequent reactions can be avoided. 

[0064] Protection and protecting groups for the functional 
groups that should not involve the reaction of the starting 
amino acid, splitting ofiF the protecting groups, activation of 
the Junctional groups involved in the reaction, and the like 
can be selected as appropriate ftom among known groups or 
laiowa means. 

[0065] Examples of the protecting groups for the amino 
groups of the starting amino acid include Z, Hoc, tertiary 
pentyloxycarbonyl, isoboniyloxycarbonyl, 4-methoxyben- 



zyloxycarbonyl, Cl-Z, Br-Z, adamantyloxycarbonyl, trifluo- 
roacetyl, phttoloyl, fomiyl, 2-nitrophenylsulphenyl, diphe- 
nylphosphinothioyl, Fmoc and the like. As carboxyl- 
protecting group, for example, Cj.g alkyl group, Cj.g 
cycloalkyl group, C-j.^^ aralkyl group, 2-adamantyl, 4-ni- 
trobenzyl, 4-methoxybeazyl, 4-chlorobenzyl, phenacyl and 
benzyloxycarbonyl hydrazide, tertiary buloxycarbonyl 
hydrazide, trityl hydrazide and the like can be mentioned. 

[0066] The hydroxy] group of serine or threonine can be 
protected by, for example, esterification or etheriflcation. 
Examples of groups suitable for this esterification include 
lower (Ci.g) alkanoyl groups such as acetyl group, aroyl 
groups such as benzoyl group, groups derived from carbonic 
acid, such as benzyloxycarbonyl group and ethoxycarbonyl 
group, and the like. As examples of groups suitable for the 
etheriflcation, benzyl group, tetrahydropyranyl group, t-bu- 
tyl group and the like can be mentioned. 

[0067] Examples of the protecting group for the phenolic 
hydroxyl group of tyrosine include Bzl, Cl-Bzl, 2-nitroben- 
zyl, Br-Z, tertiary butyl and the like. 

[0068] Examples of the protecting group for the imidazole 
moiety of histidine include Tos, 4-methoxy-2,3,6-trimethyl- 
benzenesulfonyl, DNP, Bom, Bum, Boc, Trt, Fmoc and the 
like. 

[0069] Examples of activated carboxyl groups in the start- 
ing material include corresponding acid anliydrides, azides, 
activated esters (esters with alcohols (for example, pen- 
tachlorophenol, 2,4,5-trichlorophenol, 2,4-dinitrophenol, 
cyanomeltyl alcohol, para-nitrophenol, HONB, N-hydrox- 
ysuccimide, N-hydroxyphthalimide, HOBt)]. Examples of 
activated amino groups in the starting material include 
corresponding phosphoric amides. 

[0070] .^s examples of the metliod used to remove (split 
off) the protecting group, catalytic reduction in a hydrogen 
gas stream in the presence of a catalyst such as Pd-black or 
Pd-carbon; acid treatment with anhydrous hydrogen fluo- 
ride, methanesulfonic acid, trifluorometlianesulfonic acid or 
trifluoroacetic acid, or a mixed solution thereof; treatment 
with a base such as diisopropylethylamine, triethylamine, 
piperidine or piperazine; reduction with sodium in liquid 
anmionia, and the like can be mentioned. The reaction of 
splitting of the protecting group by the above-described acid 
treamient is normally performed at a temperature of about 
-20° C. to 40° C; in the acid treatment, addition of a cation 
scavenger such as anisole, phenol, thioanisole, meta-cresol, 
para-cresol, dimetliylsulfide, 1,4-butanedithiol or 1,2- 
ethanedithiol is effective. The 2,4-dimtrophenyl group used 
as the protecting group for die imidazole moiety of histidine 
is removed by tliiophenol treatment; the formyl group used 
as the protecting group for the indole moiety of tryptophan 
is removed by alkali treatment with dilute sodium hydroxide 
solution, dilute ammonia or the like, as well as by the 
above-described acid treatment in the presence of 1,2- 
ethanedithiol, 1,4-butanedithiol or the like. 

[0071] In another method of obtaining an amide of the 
peptide, for example, the a-carboxyl group of the carboxy- 
temiinal amino acid is first protected by amidation, and the 
peptide chain on the amino group side is then extended to a 
desired length; thereafter, a peptide having only the protect- 
ing group for the N-terminal a-amino group in the peptide 
chain removed and a peptide having only the protecting 
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group for the C-terminal carboxyl group removed are pre- 
pared, and the two peptides are condensed in a mixed 
solvent as described above. Details of die condensation 
reaction are the same as those described above. After tlie 
protected peptide obtained by tlie condensation is purified, 
all the protecting groups are removed by tlie above-de- 
scribed method to give the desired crude peptide. This crude 
peptide may be purified by various known means of puri- 
fication, and the major fraction may be lyophilized to give 
an amide of the desired peptide. 

[0072] An ester of the peptide can be obtained by, for 
example, condensing the a-carboxyl group of the carboxy- 
termiual amino acid with a desired alcohol to prepare an 
amino acid ester, and then following the same procedures as 
those for the amide of the peptide. 

[0073] For example, as mentioned in the Examples to be 
mentioned later, when PACAP38NH2 or a partial peptide of 
PACAP38NH2 is synthesized by the solid phase methods, 
using any of the insoluble resins known in the art such as 
chloromethyl resuis, 4-methylbenzhydrylamine lesins and 
4-oxymethylphenylacetamidomethyl resins, protected 
amino acids are successively condensed to the C-terminal 
side of PACAP38NH, or of the partial peptide of 
PACAP38NHj according to method known in the art. Then, 
all protecting groups are removed by hydrogen fluoride 
treatment, followed by purification by metliods known in tlie 
art such as high perfonnance liquid clironiatography, 
whereby the desired PACAP38NH2 or partial peptide of 
PACAP38NHj can be obtained. 

[0074] For example, the N-protected amino acids can be 
produced by protecting a-aniino groups with Boc groups (to 
be expressed as Boc-Xaa), tlie hydroxy! groups of serine and 
threonine with Bzl groups (to be expressed as Ser(Bzl)), tlie 
co-carboxylic acid groups of glutamic acid and aspartic acid 
with OBzl groups (to be expressed as Glu(OBzl)), the 
e-aiiiino group of lysine with a Cl-Z group (to be expressed 
as Lys(Cl-Z)), the hydroxy group of tyrosine with a Br-Z 
group (to be expressed as Tyr(Br-Z)), the guanid group of 
arginine with a Tos group (to be expressed as Arg(Tos)), and 
the imidazole group of histidine with a Tos group (to be 
expressed as His(Tos)). 

[0075] The antigen permit direct use for immunization in 
an insolubilized form, as long as it has immunogenicity; 
when an antigen of low molecular weight (for example, 
molecular weight about 3,000 or less) having only one to 
several antigenic determiiumts in the molecule fliereof (for 
example, the above-described peptide and the like) is used, 
it can be used for immunization in the form of a complex 
bound or adsorbed to a suitable carrier because these anti- 
gens are normally hapten molecules of low immunogenicity. 
As the carrier, a naturally occurring or synthetic polymer can 
be used. As examples of the naturally occurring polymer, 
serum albiuiiin of a mammal such as bovine, rabbit, or 
human, thyroglobulin of a mammal such as bovine or rabbit, 
ovalbumin of chicken, hemoglobin of a mammal such as 
bovine, rabbit, human, or sheep, keyhole limpet hemocyanin 
(KLH) and the like can be used. As examples of the synthetic 
polymer, various latexes of polymers or copolymers of 
polyamino acids, polystyrenes, polyacryls, polyvinyls, 
polypropylenes and the like, and the like can be mentioned. 
Regarding the mixing ratio of the carrier and hapten, any 
combination in any ratio can be bound or adsorbed, as long 



as an antibody agamst the antigen bound or adsorbed to the 
carrier is produced efSciently; usually, one wherein the 
above-described naturally occurring or synthetic polymer 
carrier in common use in preparing an antibody against 
hapten is bound or adsorbed in a ratio by weight of 0.1 to 
100 to 1 of hapten can be used. 

[0076] Various condensing agents can be used for cou- 
pling the hapten and carrier. For example, diazonium com- 
pounds such as bisdiazotized benzidine, which crosslink 
tyrosine, histidine, and tryptophan; dialdehyde compounds 
such as glutaraldeliyde, which crosslink amino groups 
together; diisocyanate compounds such as toluene-2,4-di- 
isocyanate; dimaleimide compounds such as N,N'-o-phe- 
nylenedimaleimide, wliich crosslinlc thiol groups together; 
maleimide activated ester compounds, which crosslink 
amino groups and thiol groups; carbodiimide compounds, 
which crossliiik amino groups and carboxyl groups; and the 
like can be used advantageously. When amino groups are 
crosslinked together, it is also possible to react one amino 
group with an activated ester reagent having a ditMopyridyl 
group (for example, SPDP and the like), followed by reduc- 
tion, to introduce the thiol group, and to introduce a male- 
imide group into the other amino group using a maleimide 
activated ester reagent, followed by a reaction of both. 

(2) Preparation of Monoclonal Antibody 

[0077] An antigen is administered as is, or along with a 

carrier or a diluent, to a warm-blooded animal at a site 
enabling antibody production by the methods such as intra- 
peritoneal injection, intravenous injection, subcutaneous 
injection, intradermal injection and the like. In order to 
increase antibody productivity upon tlie administration, Fre- 
und's complete adjuvant or Freund's incomplete adjuvant 
may be administered. Dosing is normally performed about 
two to 10 times m total every 1 to 5 weeks. As examples of 
the warm-blooded animal used, monkeys, rabbits, dogs, 
guinea pigs, mice, rats, sheep, goats, donkeys and chickens 
can be mentioned. Although it is preferable to use a mammal 
of the same species as the recipient in order to avoid the 
problem of anti-lg antibody production, mice and rats are 
generally preferably used for generating a monoclonal anti- 
body. 

[0078] Because artificial immunization to humans is ethi- 
cally difScult, it is preferable, when the agent for improving 
the blood stability of the present invention targets a human, 
(i) to obtain a human antibody by immtmizmg a human 
antibody-producing animal (e.g., mouse) produced accord- 
ing to a meflbiod described below, (ii) to produce a chimeric 
antibody, humanized antibody or ftilly human antibody 
according to a method described below, or (iii) to obtain a 
human antibody using in combination the in vitro immuni- 
zation method and cell immortalization with virus, human- 
human (or -mouse) liybridonia production technique, phage 
display method and tlie like. Note that the in vitro immu- 
nization method can also be used preferably as a method for 
obtaining an antigen against an antigen that is unstable and 
difScult to prepare in large amounts for the purpose of 
preparing a non-human animal-derived antibody, because 
there is the possibility of obtaining an antibody against an 
antigen for which antibody production is suppressed by 
ordinary immunization, because it is possible to obtain an 
antibody with an amount of antigen on the nanogram to 
microgram order, because immunization completes in sev- 
eral days, and for other reasons. 
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[0079] As the animal cells used in the in vitro immuniza- 
tion method, lymphocytes, preferably B-lymphocytes and 
the like, isolated from peripheral blood, spleen, lymph node 
and the like of a hmnau and the above-described warm- 
blooded animals (preferably mouse or rat) can be mentioned. 
For example, in the case of mouse or rat cells, the spleen is 
extirpated bom an about 4- lo 12-week-old animal, and 
splenocytes are separated and rinsed with a appropriate 
medium [e.g., Dulbecco's modified Eagle medium 
(DMEM), RPM11640 medium, Ham's F12 medium and the 
like], after which the splenocytes are suspended in an 
antigen-containing medium supplemented with fetal calf 
serum (FCS; about 5 to 20%) and cultured using a CO, 
incubator and Ihe like for about 4 to 1 0 days. Examples of 
the antigen concentration include, but are not limited to, 0.05 
to 5 |.ig. It is preferable to prepare a culture supernatant of 
thymocytes of an animal of the same stram (preferably at 
about 1 to 2 weeks of age) according to a conventional 
method, and to add the supernatant to the medium. 

[0080] Because it is difficult to obtain a thymocyte culture 
supernatant in in vitro immunization of human cells, it is 
preferable to perform immunization by adding, to tlie 
medium, several Iduds of cytolciues such as lL-2, lL-4, lL-5, 
and lL-6 and the like, and if necessary, an adjuvant sub- 
stance (e.g., muramyldipeptide and the like) along with the 
antigen. 

[0081] In preparing a monoclonal antibody, it is possible 
to establish an antibody-producing hybridoma by selecting 
an individual or cell population showing an elevated anti- 
body titer from among antigen-immunized warm-blooded 
animals (e.g., mice, rats) or anunal cells (e.g., hmuan, 
mouse, rat), respectively; collecting spleens or lymph nodes 
at 2 to 5 days after the final immunization or collecting the 
cells after 4 to 10 days of cultivation after in vitro immu- 
nization to isolate antibody-producing cells; and fusing the 
isolated cells with myeloma cells. A measurement of serum 
antibody titer can be performed by, for example, reacting a 
labeled antigen and an antiserum, and thereafter detemiining 
the activity of the label bound to the antibody. 

[0082] Altliough the myeloma cells are not subject to 
limitation, as long as they are capable of producing a 
hybridoma tliat secretes a large amount of antibody, those 
that do not produce or secrete tlie antibody per se are 
preferable, witli greater preference given to those of high 
cell fiision efBciency. To facilitate hybridoma selection, it is 
preferable to use a cell Ime tliat is susceptible to HAT 
(hypoxanthine, aminopterin, thymidine). As examples of the 
mouse myeloma cells, NS-1 , P3U1 , SP2/0, AP- 1 and the like 
can be mentioned; as examples of the rat myeloma cells, 
R210.RCY3, Y3-Ag 1.2.3 and the like can be mentioned; as 
examples of tlie human myeloma cells, SKO-007, GM 
1500-6TG-2, LlCR-LON-HMy2, UC729-6 and the like can 
be mentioned. 

[0083] Fusion operation can be performed according to a 
known metliod, for example, the method of Koehler and 
Milstein [Nature, 256, 495 (1975)]. As a fusion promoter, 
polyethylene glycol (PEG), Sendai virus and the like can be 
mentioned, and PEG and the like are preferably used. 
Although the molecular weight of PEG is not subject to 
limitation, PEGIOOO to PEG6000, which are of low toxicity 
and relatively low viscosity, are preferable. As examples of 
the PEG concentration, about 10 to 80%, preferably about 



30 to 50%, can be mentioned. As the solution for diluting 
PEG, various buffers such as serum-free medium (e.g., 
RPM11640), complete medium comprising about 5 to 20% 
serum, phosphate buffered saline (PBS), and Tris buffer can 
be used. DMSO (e.g., about 10 to 20%) can also be added 
as desired. As examples of the pH of the fusion solution, 
about 4 to 10, preferably about 6 to 8 can be mentioned. 

[0084] The ratio by number of antibody-producing cells 
(splenocytes) and myeloma cells is preferably about 1:1 to 
20:1, and the cell fiision can be efficiently performed by 
incubation normally at 20 to 40° C, preferably at 30 to 37° 
C, normally for 1 to 10 minutes. 

[0085] Am antibody-producing cell line can also be 
obtained by infecting antibody-producing cells witli a virus 
capable of transforming lymphocytes to immortalize the 
cells. As such viruses, for example, Epstein-Barr (EB) virus 
and tlie like can be mentioned. Although the majority of 
persons have immunity because they have ever been 
infected with this virus in an asymptomatic infection of 
infectious mononucleosis, virion is also produced when the 
ordinary EB virus is used; therefore, appropriate purification 
must be performed. As an EB system free fiiom the possi- 
bility of viral contamination, it is also preferable to use a 
recombinant EB virus that retains the capability of immor- 
talizing B lymphocytes but lacks the capability of replicating 
virion (for example, deficiency of the switch gene for 
transition flam latent infection state to lytic infection state 
and the like). 

[0086] Because mamioset-derived B95-8 cells secrete EB 
virus, B lymphocytes can be easily transformed by using a 
culture supernatant tliereof. An antibody-producing B cell 
line can be obtained by, for example, culturing these cells 
using a medium supplemented with serum and penicillin/ 
streptomycin (P/S) (e.g., RPM11640) or a serum-free 
medium supplemented with a cell growth factor, thereafter 
separating the culture supernatant by filtration or centrifu- 
gation and tlie like, suspending therein antibody-producing 
B lymphocytes at a suitable concentration (e.g., about 10^ 
cells/ruL), and incubating the suspension normally at 20 to 
40° C, preferably at 30 to 37° C, normally for about 0.5 to 
2 hours. When human antibody-producing cells are provided 
as mixed lymphocytes, it is preferable to previously remove 
T lymphocytes by alio whig them to form an E rosette with, 
for example, sheep erytlirocytes and the like, to increase 
transformation frequency of EB virus, because the majority 
of persons have T lymphocytes which exhibit cytotoxicity to 
cells infected with EB virus. It is also possible to select 
lymphocytes specific for the target antigen by mixing sheep 
erytlirocytes, previously bound with a soluble antigen, with 
antibody-producing B lymphocytes, and separatmg the 
rosette using a density gradient of percoU and the like. 
Furthermore, because antigen-specific B lymphocytes are 
capped by adding the antigen in large excess so that they no 
longer present IgG to the surface, mixing with sheep eryth- 
rocytes bound with aati-lgG antibody results in the fonna- 
tion of rosette only by antigen-nonspecific B lymphocytes. 
Therefore, by collecting a layer of cells that don't form 
rosette from this mixture using a density gradient of percoll 
and the like, it is possible to select antigen-specific B 
lymphocytes. 

[0087] Human antibody-secreting cells having acquired 
the capability of proliferating indefinitely by the transfor- 
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mation cau be back fused with mouse or human myeloma 
cells in order to stably sustain the antibody-secreting ability. 
As the myeloma cells, the same as those described above can 
be used. 

[0088] Hybridoma screening and breeding are normally 
performed using a medium for animal cells (e.g., 
RPM11640) containing 5 to 20% FCS or a serum-free 
medium supplemented with cell growth factors, with the 
addition of HAT (hypoxanthine, aminopterm, tliymidine). 
As examples of the concentrations of hypoxantliine, ami- 
uopteriu and thymidine, about 0.1 mM, about 0.4 |iM and 
about 0.016 mM and the like, respectively, can be men- 
tioned. For selecting a human-mouse hybridoma, ouabain 
resistance can be used. Because human cell lines are more 
susceptible to ouabain than mouse cell lines, it is possible to 
eliminate'unihsed human cells by adding ouabain at about 
10'' to 10"^ M to the medium. 

[0089] In selecting a hybridoma, it is preferable to use 
feeder cells or culture supematants of certain cells. As the 
feeder ceils, an allogenic cell species having a lifetime 
limited so that it dies after helping the emergence of hybri- 
doma, cells capable of producing large amounts of a growth 
factor useftil for the emergence of hybridoma with their 
proliferation potency reduced by irradiation and the like, and 
the like are used. For example, as the mouse feeder cells, 
splenocytes, macrophage, blood, thymocytes and tiie like 
can be mentioned; as the human feeder cells, peripheral 
blood mononuclear cells and the like can be mentioned. As 
examples of the cell culture supernatant, primary culture 
supematants of the above-described various cells and culture 
supernatants of various established cell lines can be men- 
tioned. 

[0090] Moreover, a hybridoma can also be selected by 
reacting a fluorescein-labeled antigen with fusion cells, and 
tliereafter separating the cells that bind to tlie antigen using 
a fluorescence-activated cell sorter (FACS). In tliis case, 
efforts for cloning can be lessened significantly because a 
hybridoma that produces an antibody against Ihe target 
antigen can be directly selected. 

[0091] For cloning a hybridoma that produces a mono- 
clonal antibody against the target antigen, various methods 

can be used. 

[0092] It is preferable to remove aminopterin as soon as 
possible because it inhibits many cell functions. In the case 
of mice and rats, aminopterin can be removed 2 weelvs after 
ftision and beyond because most myeloma cells die within 
10 to 14 days. However, a human hybridoma is noniially 
maintained in a medium supplemented with aminopterin for 
about 4 to 6 weeks after fusion. It is desirable that hypox- 
anthme and thymidine be removed more than one week after 
tlie removal of aminopterin. That is, in tlie case of mouse 
cells, for example, a complete medium (e.g., RPM11640 
supplemented with 10% FCS) supplemented with hypoxan- 
thine and thymidine (HT) is added or exchanged 7 to 10 days 
after fusion. About 8 to 14 days after fusion, visible clones 
emerge. Provided that the diameter of clone has reached 
about 1 mm, tlie amount of antibody in the culture super- 
nstHnt cau bs nisssursd.. 

[0093] A measurement of the amount of antibody can be 
performed by, for example, a method comprising adding the 
hybridoma culture supematant to a solid phase (e.g., micro- 



plate) to which the target antigen or a derivative tliereof or 
partial peptide thereof (including the partial amino acid 
sequence used as the epitope) is adsorbed dhectly or with a 
carrier, subsequently adding an anti-inumunoglobulin (IgG) 
antibody (an antibody against IgG derived from an animal of 
the same species as tlie animal from wliich tlie original 
antibody-producing cells are derived is used) or protein A, 
which had been labeled with a radioactive substance (e.g., 
i25|^ "H, ^H, '"C), enzyme (e.g. P-galactosidase, P-glucosi- 
dase, alkaline phosphatase, peroxidase, malate dehydroge- 
nase), fluorescent substance (e.g., fluorescamine, fluorescem 
isothiocyanate), luminescent substance (e.g., luminol, lumi- 
nol derivative, luciferin, lucigenin) and the like, and detect- 
ing the antibody against the target antigen (epitope) bound 
to the solid phase, a metliod comprising adding the hybri- 
doma culture supernatant to a solid phase to wliich an 
anti-lgG antibody or protein A is adsorbed, adding the target 
antigen, a derivative thereof, or a partial peptide tliereof 
labeled with the same labeling reagent as described above, 
and detecting the antibody against the target antigen 
(epitope) bound to the solid phase and the like. 

[0094] Although limiting dilution is normally used as the 
cloning method, clonmg using soft agar and cloning using 
FACS (described above) are also possible. Cloning by 
limiting dilution can be performed by, for example, the 
following procedures, which, however, are not to be con- 
strued as limiting. 

[0095] The amount of antibody is measured as described 
above, and positive wells are selected. Selected suitable 
feeder cells are previously added to a well plate. Cells are 
collected from the antibody-positive wells and suspended in 
complete medium (e.g., RMPl 1 640 supplemented with 1 0% 
FCS and P/S) to obtain a density of 30 cells/mL; 0.1 mL (3 
cells/well) of this suspension is added to the 96-well plate 
with feeder cells added thereto; a portion of the remaining 
cell suspension is diluted to 10 cells/mL and sown to other 
wells (1 cell/well)in tlie same way; the still remaining cell 
suspension is diluted to 3 cells/mL and sown to otlier wells 
(0.3 cells/well). Tlie cells are cultured for about 2 to 3 weeks 
until a visible clone appears, when the amount of antibody 
is measured to select positive wells, and the selected cells 
are recloned in the same way. in the case of human cells, 
cloning is relatively difficult, so that a plate in which cells 
are seeded at 10 cells/well is also prepared. Although a 
monoclonal antibody-producing hybridoma can be obtained 
normally by two times of subcloning, it is desirable to repeat 
recloning regularly for several more months to confum the 
stability thereof. 

[0096] Hybridomas can be cultured in vitro or m vivo. 

[0097] As a method of in vitro culture, a method com- 
prismg gradually scaling up a monoclonal antibody-produc- 
ing hybridoma obtained as described above, from a well 
plate, while keeping the cell density at, for example, about 
10* to 10* cells/mL, and gradually lowering the FCS con- 
centration, can be mentioned. 

[0098] As a method of in vivo culture, for example, a 
method comprising an intraperitoneal injection of a mineral 
oil to a mouse (a mouse that is liistocompatible with the 
parent strain of the hybridoma) to induce plasmacytoma 
(MOPC) 5 to 10 days later, to which mtraperitoneally 
injecting about 10* to 10^ cells of hybridoma, and collecting 
ascites fluid under anesthesia 2 to 5 weeks later, can be 
mentioned. 
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[0099] Separation and purificatioii of the monoclonal anti- 
body are perfonned according to a mefliod of immiiuoglo- 
biilin separation and purification [e.g., salting-out, alcohol 
precipitation, isoelectric point precipitation, electrophoresis, 
adsorption-desorption with an ion exchanger (e.g., DEAE, 
QBAE), ultracentrifiigation, gel filtration, specific purifica- 
Uon comprising selectively collecting the antibody by means 
of an antigen-coupled solid phase or an active adsorbent 
such as protein A or protein G, and dissociating the linkage 
to obtain the antibody, and the like] in the same manner as 
an ordinary separation and purification of the polyclonal 
antibody. 

[0100] As described above, a monoclonal antibody can be 
produced by culturing a hybridoma in or outside the living 
body of a wami-blooded animal, and harvesting an antibody 
from the body fluid or culture thereof. 

[0101] Because the antibody used in the present invention 
must be one that substantially does not neutralize the endog- 
enous ligand as Uie antigen, it is necessary to examine the 
degree of neutralization activity of the monoclonal antibody 
obtained. The neutralization activity can be measured by 
comparing the effector activity-regulatory action of a recep- 
tor for the ligand, or ligand-receptor binding ability, between 
in the presence and absence of the antibody. For example, 
when the endogenous ligand is for a GPCR that couples with 
G protein, which promotes or suppresses adenylate cyclase 
(AC) activity, the neutralization activity can be measured by, 
ia the presence of the ligand alone and in tlie presence of a 
ligand-antibody complex using, for example, 1) a method 
comprising adding ATP to cells or a membrane fraction 
thereofj comprising the GPCR and AC on the cell membrane 
thereof, and measuring the amount of resulting cAMP by a 
competitive immunoassay with cAMP labeled widi a radio- 
active substance (e.g., ^^^1), enzyme (e.g., alkaline phos- 
phatase, peroxidase), fluorescent substance (e.g., FITC, 
rhodamine) and tiie like, using an anti-cAMP antibody, 2) a 
method comprising adding [a-''-P]ATP to the above-de- 
scribed cells or a membrane fraction thereof, separating tlie 
resulting [^-P]cAMP using an alumina column and the like, 
and thereafter measuring the radioactivity thereof, 3) a 
method comprising measuring the expression level of a 
reporter gene (e.g., luciferase gene) in Iransformant cells 
transfected with tlie gene under the control of a cAMP 
responsive element (CRE), 4) a method comprismg adding 
[^^S]GTPyS (a OTP analog not undergoing hydrolysis by the 
GTPase activity of G protein a-subunit) to a membrane 
fraction comprising the GPCR, and measurmg the radioac- 
tivity bound to the membrane, 5) a method comprising 
measuring the binding of the GPCR and the ligand by a 
competitive immunoassay witli tlie ligand labeled with a 
radioactive substance (e.g., '-'1), enzyme (e.g., alkaline 
phosphatase, peroxidase), fluorescent substance (e.g., FITC, 
rhodamine) and tlie like, and the like. Wlien the receptor for 
the endogenous ligand is a GPCR that has phospholipase C 
(PLC) as tlie effector, there can be used, in place of the 
above-described methods 1) to 3), 1) a method comprising 
adding pliosphatidylinositol-4,5-bisphosphate to cells or a 
membrane fraction thereof, comprising the GPCR and PLC 
in tlie ceil membrane tliereof, and measuring tlie amount of 
the resulting mositol phosphate, 2) a method comprising 
measuring the amount of intracellular Ca"* in cells com- 
prising the GPCR and PLC in the cell membrane thereof, 3) 
a method comprising measuring the expression level of a 
reporter-gene, in transformant cells transfected with the 



reporter gene under the control of TPA (12-O-tetrade- 
cauoylphorbol-13-acetate) responsive element (TRE), 
which is upregulated by Ca"*, and the like. Note that the 
amount of intracellular Ca^* can be measured spectroscopi- 
cally using a fluorescent probe (ftira-2, indo-1, fliior-3, 
Calcium-Green 1 and the like) or can be measured using 
aequorin which is a calcium-sensitive photoprotein, and the 
like. As an apparatus suitable for the spectroscopic mea- 
surement using a fluorescent probe, the FLIPR (Molecular 
Devices Company) system can be mentioned. 

[0102] As a resuh of performing tlie above-described 
assay, for example, an antibody having a neutralization 
activity of about 80% or less, preferably about 50% or less, 
more preferably about 20% or less, can be selected as a 
candidate for the non-neutralizing antibody used in the 
present invention. 

[0103] In a preferred mode of embodiment, because the 
agent for improving tlie blood stability of the present inven- 
tion is a pharmaceutical product having humans as the 
subject of admmistration thereof, the antibody used in the 
present invention (preferably a monoclonal antibody) is an 
antibody whose risk of showing antigenicity when admin- 
istered to a human has been reduced; to be specific, the 
antibody is a fully human antibody, a humanized antibody, 
a mouse-human chuneric antibody and the like, particularly 
preferably a fully human antibody. A humanized antibody 
and a chimeric antibody can be prepared by genetic engi- 
neering technology according to the method described 
below. Allhougli a fully hiunan antibody can also be pro- 
duced from tlie above-described human-human (or -mouse) 
hybridoma, it is desirable to produce it using a human 
antibody-producing animal described below (e.g., mouse) or 
tlie phage display metliod in order to stably supply the 
antibody in large amounts at low costs. 

(1) Preparation of Chimeric Antibody 

[0104] As used herein, "a chimeric antibody" means an 
antibody wherein the sequences of the variable regions of 
the H chain and L chain (Vg and VjJ thereof are derived 
from a mammalian species, and wherein the sequences of 
the constant regions (Cjj and C^) are derived fiom another 
mammalian species. The sequences of tlie variable regions 
are preferably derived from, for example, an animal species 
permitting easy preparation of a hybridoma, such as mouse, 
and the sequences of the constant regions are preferably 
derived from the recipient mammalian species. 

[0105] As examples of the method of preparing a chuneric 
antibody, the method described in U.S. Pat. No. 6,331,415 or 
a partially modified method thereof and the like can be 
mentioned. To be specific, first, mRNA or total RNA is 
prepared from a monoclonal antibody-producing hybridoma 
(for example, mouse-mouse hybridoma) obtained as 
described above, according to a conventional method, to 
synthesize cDNA. DNAs that encode and Vl are ampU- 
fied and purified by PGR according to a conventional 
method with the cDNA as the template, using appropriate 
primers [for example, oligo DNAs comprising the base 
sequences that encode tlie N-terminal sequences of Vjj and 
Vl, respectively, as the sense primers, and oUgo DNAs that 
hybridize to the base sequences that encode the termmal 
sequences of Ch and Cl, respectively, as the antisense 
primer (see, for example, Bio/Technology, 9: 88-89, 1991)]. 
In the same manner, DNAs that encode Cg and Q, are 
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amplified and purified from an RNA prepared from lym- 
phocytes and tlie like of another manmial (e.g., human) by 
RT-PCR. Vh and Ch, and Vj, and Cl, are ligated together, 
respectively, using a conventional method, and the chimeric 
H chain DNA and chimeric L chain DNA obtained are 
inserted into respective appropriate expression vectors [for 
example, vectors comprising promoters that have transcrip- 
tion activity in CHO cells, COS cells, mouse myeloma cells 
and the like (e.g., CMV promoter, SV40 promoter and the 
like)]. The DNAs that encode the two chains may be inserted 
into separate vectors, and may be inserted into a single 
vector in tandem. Host cells are transformed with the 
cliimeric H chain and chimeric L chain expression vector(s) 
obtained. As tlie host cells, animal cells, for example, 
Chinese hamster ovary (CHO) cells, monkey-derived 
COS-7 cells, Vero cells, rat-derived GHS cells and the like, 
in addition to the above-described mouse myeloma cells, 
can be mentioned. For the transformation, any method 
applicable to animal cells can be used, with preference given 
to electroporation method and the like. It is possible to 
isolate a chimeric monoclonal antibody by culturing the host 
cells in a medium suitable thereto for a given period, and 
thereafter recoveiing the culture supernatant and purifying it 
in the same manner as described above. Alternatively, it is 
also possible to obtain a chimeric monoclonal antibody 
easily and in large amounts from milk or eggs of transgenic 
animals which are produced by a conventional method using 
germ line cells of an animal such as bovine, goat, or chicken 
as the host cells, for wliich a transgenic technique has been 
established and a laiow-liow of mass propagation as a 
domestic animal (domestic fowl) has been compiled. Fur- 
thermore, it is also possible to obtain a chimeric monoclonal 
antibody in large amounts firom the seeds, leaves and the like 
of a transgenic plant, produced by using microinjection and 
electroporation into protoplast, the particle gun method and 
Ti-vector method for intact cells and the like, with cells of 
a plant such as com, rice, wheat, soybean, or tobacco as the 
host cells, for which a transgenic tecluique has been estab- 
lished, and which is cultured in large amounts as a major 
crop. 

[0106] When the chimeric monoclonal antibody obtained 
is digested with papain, Fab is obtained; when the same is 
digested with pepsin, F(ab')2 is obtained. 

[0107] It is also possible to reformat into scFv by ligatiug 
DNAs that encode mouse and Vl via a suitable Imker, for 
example, a DNA that encodes a peptide consisting of 1 to 40 
amino acids, preferably 3 to 30 amino acids, more preferably 
5 to 20 ammo acids [e.g., [Ser-(Gly)m]n or [(Gly)m-Ser]n 
(ni is an integer firom 0 to 10, u is an integer from 1 to 5) and 
the like]. Furthermore, it is possible to refonnat mto a 
niinibody by ligating a DNA that encodes Chj via a suitable 
linker thereto, or reformat into a scFv-Fc by ligating a DNA 
that encodes Cg foil length via a suitable linker thereto. The 
DNA encoding such an antibody molecule modified 
(coupled) by genetic engineering can be expressed in a 
microorganism such as E. coli or yeast under flie control of 
a suitable promoter, to produce the antibody molecule in 
large amounts. 

[0108] When DNAs encoding mouse and Vl are 
inserted into the downstream of one promoter in tandem and 
introduced into E. coli, a dimer named as Fv is formed by 
monocistronic gene expression. When an appropriate amino 
acid in the FRs of Vh and V^ is substituted with Cys using 



molecule modeling, a dimer named as dsFv i s formed via the 
intermolecular disulfide bond between the two chains. 

(2) Humanized Antibody 

[0109] As used herein, "a humanized antibody" means an 
antibody wherein the sequences of all regions present m the 
variable region, other than the complementality determining 
region (CDR), [i.e., framework region (FR) in constant 
region and variable region] are derived from a human, and 
wherein only the sequence, of CDR is derived from another 
mammalian species. The other mammalian species is pref- 
erably an animal species, for example, mouse and the like, 
with which production of hybridomas can be easily per- 
formed. 

[0110] As examples of the method of preparing a human- 
ized antibody, the methods described in U.S. Pat. Nos. 
5,225,539, 5,585,089, 5,693,761 and 5,693,762 or partially 
modified methods therefrom and the like can be mentioned. 
To be specific, DNAs that encode Vjj and Vl derived from 
a non-human mammalian species (e.g., mouse) are isolated 
in the same manner as with the above-described chimeric 
antibody, after which sequencing is performed by a conven- 
tional method using an automated DNA sequencer (e.g., 
manufactured by Applied Biosystems Company and the 
like), and the base sequences obtained or deduced amino 
acid sequences therefrom are analyzed usmg a known anti- 
body sequence database [for example, Kabat database (see 
Kabat et a!., "Sequences of Proteins of Inununological 
hiterest", edited by NIH, US Department of Healtli and 
Human Services, Public Healtli Service, 5th edition, 1991) 
and tlie like] to determine the CDR and FR of the two chains. 
Abase sequence wherein tlie CDR encoding region of a base 
sequence that encodes tlie L chain and H chain of a human 
antibody having an FR sequence similar to the determined 
FR sequence [e.g., human K type L chain subgroup I and 
human H chain subgroup II or III (see Kabat et al., 1991 
(supra))] is substituted with the detennined base sequence 
that encodes tibie CDR of another animal species, is designed, 
and the base sequence is divided into fragments of about 20 
to 40 bases, and a sequence complementary to the base 
sequence is divided into fragments of about 20 to 40 bases 
so that they alternatively overlap with the aforementioned 
fi-agments. It is possible to construct DNAs that encode Vg 
and Vl having human-derived FR and a CDR derived from 
another mammalian species by synthesizing mdividual frag- 
ments using a DNA synthesizer, and hybridizing and ligating 
them in accordance with conventional methods. In order to 
transfer a CDR derived fi-om another mammalian species 
into human-derived Vji and Vl more quickly and more 
efBciently, it is preferable to use PCR-based site directed 
mutagenesis. As examples of such a method, the sequential 
CDR grafting me&od described in Japanese Patent Unex- 
ammed Publication No. HEI-5-227970 and the like can be 
mentioned. It is possible to obtain cells or transgenic animal/ 
plant that produces a humanized antibody by ligating the 
thus-obtained DNAs that encode Vh and Vl to DNAs that 
encode human-derived Qj and Cl, respectively, in the same 
manner as witli tlie above-described cliimeric antibody, and 
introducing the ligated product into suitable host cells. 

[0111] A humanized antibody, like a chimeric antibody, 
can be modified to scFv, scFv-Fc, minibody, dsFv, Fv and 
the like by usmg genetic engineering techniques; and they 
can be produced in a microorganism such as E. coli or yeast 
by using a suitable promoter. 
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[0112] ITie technology for preparing a humanized anti- 
body can also be applied to, for example, preparing a 
monoclonal antibody that can be preferably administered to 
another animal species for which no hybridoma production 
technology has been established. For example, animals 
widely propagated as domestic animals (domestic fowls) 
such as bovine, swine, sheep, goat, and chicken, and pet 
animals such as dogs and cats, and the like can be mentioned 
as the subject animal species. 

(3) Preparation of Fully Human Antibody Using Human 
Antibody-Producing Animal 

[0113] Provided that a fiinctional human Ig gene is intro- 
duced into a non-hiunan warm-blooded animal having the 
endogenous immunoglobulin (Ig) gene knocked out. (KO) 
therein, and that this animal is immunized with an antigen, 
a human antibody is produced in place of the antibody 
derived ftom the animal. Therefore, provided fliat an animal 
such as mice, for which a technique for producing a hybri- 
doma has been established, is used, it is possible to acquire 
a iiiUy human monoclonal antibody by the same method as 
tlie conventional metliod used to prepare a mouse mono- 
clonal antibody. First, some of the human monoclonal 
antibodies, that were generated by using a human antibody- 
producing mouse obtained by crossing a mouse transfected 
witli minigenes of tlie human Ig H cham and L chain using 
an ordinary transgenic (Tg) teclinique with a mouse wherein 
llie endogenous mouse Ig gene has been inaclivaled using an 
ordinary KO technique, are akeady in clmical stage, and to 
date production of anti-human Ig hvunan antibody (HAHA) 
has not been reported. 

[0114] Later. Abgenix Inc. [trade name: XenoMouse (see 
Nat. Genet., 15; 146-156, 1997; U.S. Pat. No. 5,939,598 and 
the like)] and Medarex Inc. [trade name: Hu-Mab Mouse 
(see Nat. BiotechnoL, 14: 845-851, 1996; U.S. Pat. No. 
5,545,806 and the lilce)] established Tg mice transfected 
with even a larger human Ig gene using a yeast artificial 
chromosome (YAC) vector, thus enabling the production of 
human antibodies of richer repertoire. However, because the 
human Ig gene, for example, m the case of the H chain, 
exhibits its diversity as the VDJ exon, which is a variable 
combination of about 80 kinds of V fragments, about 30 
kinds of D fragments and 6 kinds of J fragments, encodes the 
antigen binding site, the full lengtli thereof is as large as 
about 1.5 Mb (14th chromosome) for the H chain, about 2 
Mb (2nd chromosome) for the kL chain, and about 1 Mb 
(22nd chromosome) for the XL chain. To reproduce the 
diverse antibody repertoire in human in another animal 
species, it is desirable to introduce the ftill length of each Ig 
gene. However, a DNA tliat is insertable into a conventional 
transfection vector (plasniid, cosmid, BAC, YAC and the 
Uke) is normally several kb to several hundred kb in length, 
and it has been difficult to introduce the full length of Ig 
genes by the conventional technique for estabUshing a 
transgenic animal, which comprises inserting a cloned DNA 
into a fertilized egg. 

[0115] Tomizuka el al. {Nat. Genet., 16: 133-143, 1997) 
prepared a mouse having the fiill-length human Ig gene by 
introducmg a natural fragment of a human chromosome 
harboring tlie Ig gene (hCF) into a mouse [transchromo- 
somic (TC) mouse]. That is, first, a human-mouse hybrid 
cell having human chromosomes in which the 14th chro- 
mosome comprising the H chain gene and the 2nd chromo- 



some comprising the kL chain gene, both labeled with, for 
example, a drug-resistance marker and the like, is treated 
with a spindle formation inhibitor (e.g., colcemid) for about 
48 hours to prepare a microcell wherein one to several 
chromosomes or fragments thereof are enveloped in nuclear 
membrane, and the cliromosomes are introduced into a 
mouse ES cell by the micronuclear fusion method. A hybrid 
ES cell retaining the cliromosomes having the human Ig 
gene or fragments thereof is selected using a medium 
containing a drug, and the cell is microinjected into a mouse 
embryo in the same manner as with the preparation of an 
ordinary KO mouse. A germ line clumera is selected among 
the chimeric mice obtained, with coat color as the index, and 
tlie like, to establish a TC mouse strain cartymg (he human 
14th cliromosonie fragment (TC(hCFi4)) and a TC mouse 
strain carrying the human 2nd chromosome fragment 
(l'C(hCF,)). After establishing mouse strahis wherein the 
endogenous H chain gene and kL chain gene are knocked 
out, respectively [KO(lgH) and KO(lgK)] by a conventional 
method, it is possible to establish a mouse strain having all 
the four kinds of gene modifications (double TC/KO) by 
repeating tlie crossing of these four strains. 

[0116] Provided that the same method as that for produc- 
ing an ordinary mouse monoclonal antibody is applied to a 
double TC/KO mouse established as described above, it is 
possible to obtain an antigen-specific human monoclonal 
antibody-producing hybridoma. However, there is the draw- 
back of a lower efficiency to obtain hybridomas than that 
with the ordinary mouse, because hCFj containing the kL 
chain gene is imstable in the mouse cells. 

[0117] On the other hand, because tlie aforementioned 
Hu-Mab mouse has a structure wherein tlie variable region 
cluster are doubled although it has about 50% of the kL 
chain gene, it exhibits a K chain diversity equivalent to that 
with ftiU length (on the other hand, HuMab mouse exhibits 
a low H chain diversity and inadequate response to antigen 
because it carries only about 10% of the H chain gene). And 
the K chain is stably retained in the mouse cells because it 
is inserted in mouse chromosome via a YAC vector (IgK- 
YAC). Making use of tliis advantage, it is possible to get the 
efficiency for obtaining hybridomas and alEnity to antigen 
affinity of antibody that are equivalent to those with the 
ordinary mouse, by crossing a TC(hCFi4) mouse with a 
Hu-Mab mouse to establish a mouse that stably retains both 
hCF14 and IgK-YAC (trade name: IKM mouse). 

[0118] Furthermore, it is also possible to establish a 
human antibody-producing animal in which the XL chain 
gene is flirther transfected to reconstruct tlie diverse human 
antibody repertoire more completely. Such an animal can 
also be obtained by producing a TC mouse in which the 
human 22nd chromosome or a fragment thereof harboring 
the XL chain gene is mtroduced in the same manner as 
described above[TC(hCF22)], and crossing tlie mouse with 
the above-described double TC/KO mouse or I<M mouse, or 
can also be obtained by, for example, constructing a human 
artificial chromosome (HAC) comprising both the H chain 
locus and the XL chain locus, and introducing it into a mouse 
cell {Nat. BiotechnoL, 18: 1086-1090, 2000). 

[0119] An antibody used in the present invention is desir- 
ably a monoclonal antibody because it must be a non- 
neutralizing antibody. However, it is possible in principle to 
obtain a non-neutralizing antibody even if it is a polyclonal 
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antibody because au antibody tliat binds to the specific site 
of the target antigen can be obtained using a small hapten 
molecule as tlie antigen. When the antibody used in the 
present invention is a polyclonal antibody, it is not necessary 
to use hybridomas; therefore, provided that a human anti- 
body-producing animal is produced in the same maimer as 
described above using an animal species for which no 
technique for preparing a hybridoma has been established 
but a transgenic technique has been established, preferably 
an ungulate such as bovine, it is also possible to produce a 
human antibody in larger amounts at low costs (see, for 
example, Nat. BiotechnoL, 20: 889-894, 2002). The human 
polyclonal antibody thus obtained can be purified by col- 
lecting blood, ascites fluid, milk, egg and the like, preferably 
milk or egg, of the human antibody-producing animal, in 
combination with the same purification techniques as 
described above. 

(4) Preparation of Fully Human Antibody Using Phage 
Display Human Antibody Library 

[0120] Another approach to produce a fully human anti- 
body is a method using phage display. This method some- 
times encoiuiters cases in which a mutation due to PGR is 
introduced into a site odier than CDRs; for this reason, a few 
reports of cases of HAHA production in clinical stage are 
available. On tlie other hand, however, tlie metliod has 
advantages such as no risk of cross-species viral infection 
derived from the host animal and the indefinite specificity of 
the antibody (antibodies against forbidden clone, sugar 
chain and the like can also be easily prepared). 

[0121] The method of preparing a phage display human 
antibody library include, but are not limited to, for example, 
the methods described below. 

[0122] Altliougli a phage used is not subject to limitation, 
filamentous phage (Ff bacteriophage) is normally preferably 
used. As the mctliod of presenting a foreign protein on tlie 
phage surface, a method comprising expressing and present- 
ing the foreign protein as a fusion protein with any of the 
coat proteins g3p, and g6p to g9p on the coat protein can be 
mentioned; and a method comprising fusing the foreign 
protein to the N-terminal side of g3p or gSp is often used. As 
the phage display vector, besides 1 ) one in which the foreign 
gene is introduced in the form of fusion gene with the coat 
protein gene of the phage genome, lo allow all the coat 
protems presented on the phage surface to be presented as a 
ftision protein with the foreign protein, 2) one in which the 
gene encoding the fijsion protein is inserted separately from 
the wild-type coat protein gene to allow the flision protein 
and the wild-type coat protein to be expressed simulta- 
neously, and 3) au E. coli having a phagemid vector har- 
boring the gene that encodes the fusion protein is infected 
with a helper phage having the wild-type coat protein gene 
to produce phage particles that express the fusion protein 
and the wild-type coat protein simultaneously, and the like 
can be mentioned. 

[0123] However, a phage display vector of the type 2) or 
3) is used for the preparation of an antibody library, because 
in tlie case of 1), the capability of infection is lost when a 

large foreign protein is fiiscd. 

[0124] As a specific vector, those described by Holt et al. 
{Ctirr. Opin. BiotechnoL, 11: 445-449, 2000) can be men- 
tioned as examples. For example, pCESl (see J. Biol. 



Chem., 21 A: 18218-18230, 1999) is an Fab-expressing 
pliagemid vector wherein a DNA encoding the kL chain 
constant region allocated to downstream of the g3p signal 
peptide, and a DNA encoding CH3, His-tag, c-myc tag, and 
the amber stop codon (TAG) followed by the g3p coding 
sequence, allocated to downstream of the g3p signal peptide, 
are arranged under the control of one lactose promoter. 
When tills is introduced to an E. coli having an amber 
mutation. Fab is presented onto the g3p coat protein, but 
when it is expressed in the HB21 5 1 strain and the like, which 
do not have an amber mutation, a soluble Fab antibody is 
produced. And as the scFv-expressing phagemid vector, for 
example, pHENl (J. Mol. Biol, 222: 581-597, 1991) and the 
Hke are used. 

[0125] Meanwhile as examples of the helper phage, Ml 3- 
K07, VCSM13 and the like can be mentioned. 
[0126] And as another phage display vector, a vector that 
is designed as a DNA sequence comprising the cysteine- 
encoding codon is linked lo each of the 3' end of the 
antibody gene and the 5' end of the coat protein gene to 
express tlie two genes simultaneously and separately (not in 
the form of a fusion protein), and to present the antibody 
onto tlie coat protein on the phage surface via S — S bonds 
between the mtroduced cysteine residues (CysDisplay™ 
technology of Moiphosys Company) and the like, can be 
mentioned. 

[0127] As the kind of human antibody library, a naive/ 
non-immunized library, a synthetic library, an immunized 
library and tlie like can be mentioned. 
[0128] The naive/non-immimized library is a library 
obtained by acquiring tlie Vh and Vl genes retained by a 
normal human by RT-PCR, and randomly cloning fliem into 
the above-described phage display vector. Normally, mRNA 
derived fi:om lymphocytes of peripheral blood, bone mar- 
row, tonsil and the like of a normal human, and the like are 
used as the template. A library prepared by selectively 
amplifying IgM-derived mRNA in which a class switch due 
to antigen sensitization is not undergoing, to avoid V gene 
biases such as clinical history, is particularly called a naive 
library. Representatively, tlie library of Cambridge Antibody 
Technology (see J. Mol. Biol, 222: 581-597, 1991; Nat. 
BiotechnoL, 14: 309-314, 1996), the library of Medical 
Research Council (see Annu. Rev. Immunol., 12: 433-455, 
1994), the library of Dyax Corp. (see/. BioL Chem., 1999 
(supra); Proc. NatL Acad. Sd. USA, 14: 7969-7974, 2000) 
and the like can be mentioned. 

[0129] A synthetic library is obtained by selecting a func- 
tional particular antibody gene in human B cells, and sub- 
stituting a portion of antigen-binding region in a V gene 
fragment, for example, CDR3 and the like, with DNAs 
encoding a random amino acid sequence of appropriate 
length, to construct a library. It is recognized to be excellent 
in antibody expression efSciency and stability because the 
library can be constructed with the combination of the Vg 
and Vl genes, which produce functional scFv and Fab, since 
the beginning. Representatively, the HuCAL library of Mor- 
phosys AG (see/. MoL BioL, 296: 57-86, 2000), the library 
of Biohivent (see Nat. BiotechnoL, 18: 852, 2000), the 
library of Crucell (see Proc. NatL Acad. Set USA, 92: 3938, 
1995; /. Immunol Methods, 272: 219-233, 2003) and the 
like can be mentioned. 

[0130] .^n immunized library is a library obtained by 
preparing an mRNA from lymphocytes collected from a 
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human such as a patient with cancer, autoimmune disease, 
infectious disease and tlie like or a recipient of vaccination, 
having an elevated blood antibody titer against the target 
antigen, or from hmnan lymphocytes and the like which are 
artificidly immunized with the target antigen by the above- 
described in vitro immunization method, in the same manner 
as with the above-described naive/non-immnnized library, 
and amplifying the and Vl genes by RT-PCR, to con- 
struct a library. It is possible to obtain the desired antibody 
even from such libraries of relatively small size because the 
desired antibody gene is contained in the library already at 
the beginning. 

[0131] The wider the diversity of the library is, the better; 
actually, however, an appropriate library size is about 10* to 
10" clones, taking into consideration of the number of 
phages hantUable in the following panning operation (10" to 
10" plMges) and the number of phages necessary to isolate 
and amplify clones in ordinary panning (100 to 1,000 
phages/clone), it is possible to screen for an antibody 
normally having a Kd value on the order of 10"' with a 
library of about 10* clones. 

[0132] The process for selectmg an antibody against the 
target antigen by the phage display method is referred to as 
pamiing. To be specific, for example, a phage presenting an 
antigen-specific antibody is concentrated by repeatmg a 
series of operations of bringing an antigen-immobilized 
carrier and a phage library into contact with each other, 
washing out the unbound phage, thereafter eluting the bound 
phage from the carrier, and infecting the phage to E. coli to 
proliferate it, about 3 to 5 times. As the carrier for immo- 
bilizing the antigen, various carriers used m ordinary anti- 
gen-antibody reactions or afBnity chromatography, for 
example, insoluble olysaccliarides such as agarose, dextran, 
and cellulose, synthetic resins such as polystyrene, poly- 
acrylamide, and silicon, or microplates, tubes, membranes, 
columns, beads and the like comprising glass, metal and the 
like, and surface plasmon resonance (SPR) sensor chips, and 
tlie like can be mentioned. For the antigen inunobilization, 
physical adsorption may be used, and a metliod using a 
chemical bond used to insolubilize and immobilize a protein 
or enzyme and tlie like is also acceptable. For example, a 
biolin-(strept)avidin system and the like are preferably used. 
When the endogenous ligand, that is a target antigen, is a 
small molecule such as a peptide, it is necessary to pay 
special attention to prevent masking of the portion used as 
the epitope by conjugating wifli the carrier. For washing the 
unbound phage, a blocking solution such as BSA solution 
(once or twice), a PBS containing a surfactant such as Tween 
(3 to 5 tunes) and the like can be used. There is also a report 
mentioning that the use of citrate buffer (pH 5) and tlie like 
is preferable for the washing. For elution of the specific 
phage, an acid (e.g., 0.1 M hydrocMoric acid and the like) 
is normally used; cleavage with a specific protease (for 
example, a gene sequence that encodes the trypsin cleavage 
site can be introduced into the Imkage site between tlie 
antibody gene and the coat protein gene. In this case, E. coli 
infection and prohferation are possible even if all the coat 
piDtem is expressed in the form of a fusion protein because 
the wild-type coat protein is presented on the surface of the 
eluted phage), competitive elution with a soluble antigen, or 
elution by reduction of S — S bond (for example, in the 
aforementioned CysDisplayTw, the antigen-specific phage 
can be recovered by dissociating the antibody and the coat 
protein by using a suitable reducing agent after performing 



panning) is also possible. When elution has been performed 
with an acid, the ehiate is neutralized with Tris and the hke, 
and the eluted phage is then infected to E. coli, which is 
cultured; after which the phage is recovered by a conven- 
tional method. 

[0133] After the phage presenting the antigen-specific 
antibody is concentrated by panning, tlie phage is infected to 
E. coli and the cells are sown onto a plate to perform cell 
cloning. The phage is again collected firom the each clone, 
and the antigen binding activity is confirmed by the above- 
described antibody titer assay (e.g., ELISA, RIA, FIA and 
the like) or a measurement utilizing FACS or SPR. 

[0134] Isolation and purification of the antibody fi-om tlie 
selected phage clone that presents the antigen-specific anti- 
body can be performed by, for example, when using a vector 
incorporating an amber stop codon at the linker site of the 
antibody gene and the coat protein gene as the phage display 
vector, infecting the phage to an E. coli that does not have 
amber mutation (e.g., HB2151 strain) to produce and secrete 
soluble antibody molecules in periplasm or the medium, 
lysing flie cell wall with lysozyme and the like, collecting 
the extracellular fraction, and purifying using the same 
purification technique as described above. Provided that the 
His-lag or c-myc tag has been introduced in advance, the 
antibody can easily be purified by using IMAC, an anti-c- 
myc antibody colunui and the like. When cleavage wifli a 
specific protease is utilized in panning, the antibody mol- 
ecule is separated from the phage surface by an action with 
die protease, so that the desired antibody can be purified by 
performing flie same purification operation as above men- 
tioned. 

[0135] Confirmation of the thus-obtained antibody to be a 
non-neutralizing antibody can be achieved in the same 
manner as with the above-described heterologous mono- 
clonal antibody. 

[0136] The technology for producmg a fully human anti- 
body using a human antibody-producing animal and a phage 
display human antibody library can also be applied to the 
production of a monoclonal antibody derived from another 
animal species. For example, animals widely propagated as 
domestic animals (domestic fowls) such as bovine, swme, 
sheep, goat, and chicken, and pet animals such as dogs and 
cats, and the like can be mentioned as the subject ammal 
species. In non-human animals, the utihzation of an immu- 
nized library is more effective because there are fewer 
ethical problems concerning artificial immunization with tiie 
target antigen. 

[0137] The non-neutralizing antibody (preferably a mono- 
clonal antibody) against an endogenous ligand, obtained as 
described above, can be used as an agent for improving the 
blood stability of the endogenous ligand, after being mixed 
with a pharmacologically acceptable carrier into a pharma- 
ceutical composition, as required. 

[0138] As tiie pharmacologically acceptable carrier here, 
various organic or morganic carrier substances convention- 
ally used as materials to prepare medicine can be used, 
which is compounded into as excipient, solvent (dispersing 
agent), solubilizer, suspending agent, stabilizer, isotonizing 
agent, buffer, pH adjusting agent, soothing agent and tiie 
like. Where necessary, preparation additives such as preser- 
vatives, antioxidants and tiie like can also be used. 



EXHIBIT B 



us 2007/0202099 Al Aug. 30, 2007 

16 



[0139] As examples of preferable excipients, lactose, 
sucrose, D-mamiitol, D-sorbitol, starch, a-starch, dextrin, 
crystalline cellulose, low-substituted hydroxypropylcellu- 
lose, carboxymethylcellulose sodium, guru arable, pullulan, 
light silicic anhydride, synthetic aluminum silicate, magne- 
sium metasilicate aluminate and the like can be mentioned. 

[0140] As examples of preferable solvents, waler for 
injection, physiological saline. Ringer's solution, alcohol, 
propylene glycol, polyethylene glycol, sesame oil, corn oil, 
olive oil, cottomeed oil and tlie like can be mentioned. 

[0141] As examples of preferable solubilizers, polyethyl- 
ene glycol, propylene glycol, D-mamiitol, trehalose, benzyl 
benzoate, ethanol, trisaniinometliane, cholesterol, triethano- 
lamine, sodium carbonate, sodium citrate, sodium salicylate, 
sodium acetate and tlie like can be mentioned. 

[0142] As examples of preferable suspending agents, sur- 
factants such as stearyltriethanolamiue, sodium lauryl sul- 
fate, laurj'laminopropionic acid, lecitliin, benzalkonium 
chloride, benzethonium chloride, and glyceryl monostear- 
ate; hydropliilic polymers such as polyvinyl alcohol, poly- 
vinylpyrrolidone, carboxymediylcellulose sodium, metliyl- 
cellulose, hydroxymethylcellulose, hydroxyethylcellulose, 
and hydroxypropylcellulose; polysorbates, polyoxyetliylene 
hydrogenated castor oil and the like can be mentioned. 

[0143] As examples of preferable stabilizers, human 
serum albumin (HSA), sodium pyrosulfite, Rongalit, sodium 
metahydrogeusulfite and tlie like can be mentioned. 

[0144] As examples of preferable isotonizing agents, 
sodium chloride, glycerin, D-mannitol, D-sorbitol, glucose 
and tlie like can be mentioned. 

[0145] As examples of preferable buflfers, buffer solutions 
such as of phosphates, acetates, carbonates and citrates, and 
the like can be mentioned. 

[0146] As examples of preferable pH adjusting agent, acid 
or base such as hydrochloride, sodium hydroxide and the 
like can be mentioned. 

[0147] As examples of preferable soothing agents, benzyl 

alcohol and the like can be mentioned. 

[0148] As examples of preferable preservatives, p-hy- 
droxybenzoates, clilorobutanol, benzyl alcohol, phenethyl 
alcohol, dehydroacetic acid, sorbic acid and the like can be 
mentioned. 

[0149] As examples of preferable antioxidants, suliites, 
ascorbic acid salts and the like can be mentioned. 

[0150] As examples of dosage forms for the aforemen- 
tioned pharmaceutical composition, injection type prepara- 
tions such as injections (e.g., subcutaneous mjections, intra- 
venous mjections, intramuscular injections, intraperitoneal 
injections, intraarterial injections and the like), diip infu- 
sions and tlie like can be mentioned. 

[0151] These phannaceutical compositions can be pro- 
duced by a method in coimnon use in tlie field of drug 
formulation technology, for example, methods described in 
the Japanese Pharmacopoeia and the like. Specific methods 
of preparing preparations are described in detail below. The 
antibody content in the pharmaceutical composition varies 
depending on dosage form, antibody dose and the like, and 
is, for example, about 0.1% to 100% by weigjit. 



[0152] For example, an injection is produced by dissolv- 
ing, suspending or emulsifying antibody, along with a dis- 
persing agent (e.g., polysorbate 80, polyoxyetliylene hydro- 
genated castor oil 60, polyetliylene glycol, 
carboxymethylcellulose, sodium alginate and tlie like), a 
preservative (e.g., methylparaben, propylparaben, benzyl 
alcohol, chlorobulanol, phenol and the like), an isoloniang 
agent (e.g., sodium chloride, glycerin, D-maimitol, D-sor- 
bitol, glucose and the like) and the like, in an aqueous 
solvent (e.g., distilled water, physiological saline, Ringer's 
solution and the like) or an oily solvent (e.g., vegetable oils 
such as olive oil, sesame oil, cottonseed oil and com oil, 
propylene glycol and tlie lilce). If desired, additives such as 
a solubilizer (e.g., sodium salicylate, sodium acetate and the 
like), a stabilizer (e.g., human serum albumin and the like), 
and a soothing agent (e.g., benzyl alcohol and the like) may 
be used. The injection is subjected, for example, to a 
sterilization treatment as necessary, such as sterilization by 
filtration using a membrane filter etc., and usually filled in a 
suitable container such as ampoule etc. 

[0153] The injection can also be used as a fresh supply 
obtained by dissolving (dispersing) a powder prepared by 
treating the above-described liquid by vacuum drying and 
the like. As examples of tlie vacuum drying method, lyo- 
philizalion, a method using the Speedback Concentrator 
(S.AVANT Company), and the like can be mentioned. When 
performing lyophilization, it is preferable to lyophilize the 
sample, cooled below -1 0° C, using a flask in the laboratory 
or a tray or vial in mdustrial settings. When the Speedback 
Concentrator is used, lyophilization is performed at about 0 
to 30° C. under a vacuum of about 20 mm/Hg or less, 
preferably about 10 mniHg or less. It is preferable to add a 
bufieriug agent such as a phosphate to the liquid to be dried, 
to obtain a pH of about 3 to 10. The powder preparation 
obtained by lyophilization, as a long-stable preparation, can 
be prepared freshly as an injection by dissolving in water for 
injection, saline. Ringer's solution and the like, or by 
dispersing in olive oil, sesame oil, cottonseed oil, com oil, 
propyleneglycol and the like before use. 

[0154] Because the agent for improving the blood stability 
of the present invention, which is obtained as above, is safe 
and less toxic, it can be administered to, for example, 
mammals (for example, humans, rats, rabbits, sheep, swine, 
cattle, cats, dogs, monkeys and the like) subcutaneously, 
intravenously, intramuscularly, intraperitoneally, intraarteri- 
ally or intraventricularly. 

[0155] The dose of the agent for improving the blood 
stability of the present invention is not subject to limitation, 

as long as it is an amount enabling an increase in the blood 
concentration of an endogenous hgand in the recipient 
manunal to a range effective for the treatment or prophylaxis 
for a disease the animal has contracted or can contract, 
and/or enabling an extension of the blood lialf-life of the 
endogenous ligand to an extent effective for the treatment or 
prophylaxis for the disease. For example, when tlie agent for 
improving the blood stability of the present invention is 
subcutaneously administered to a human for the purpose of 
improving tlie blood stability of endogenous GLP-l, the 
minimum required concentration in blood of GLP-l and a 
fiinctional firagment thereof is estimated to be about 100 pM 
in total, if we assume that a 10- to 100-fold amotmt of 
anti-GLP-1 antibody is necessary to form an immune com- 
plex with all blood GLP-l, a required blood GLP-l concen- 
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tratioii can be achieved by administering about 1 to 10 uM 
or, in terms of weiglit, about 10 to 100 |ig/kg body weight, 
per dosing. This amount can be administered at intervals of, 
for example, one to several weeks. 

[0156] However, the dose also varies depending on the 
normal blood concentration and blood half-life of the target 
endogenous ligand, stability of tlie antibody molecule, tissue 
transfer of the ligand-antibody complex, antigen afBnity of 
the antibody, neutralization activity of the antibody, target 
disease, severity, in addition, animal species, age, route of 
administration and the like. Therefore, the general range of 
the dose of the agent for improving the blood stability of the 
present invention is even wider; for example, about 0.1 p.g 
to 10 mg/kg, preferably about 1 |xg to 1 mg/kg, per dosing 
can be used. 

[0157] Preferably, when the agent for improving the blood 
stability of the present invention is administered to a mam- 
mal, the blood half-life of tlie complex of the endogenous 
ligand and the antibody is extended more tlian about 2 times, 
more preferably more tlian about 10 times, particularly 
preferably more than about SO times, compared with that in 
the case of the endogenous ligand alone (i.e., free form). 
Such an elongation effect results in a blood concentration of 
the endogenous ligand with administration of the agent for 
improving the blood stability of the present invention to a 
mammal, more than about 2 times, more preferably more 
than about 5 times, particularly preferably more than about 
10 times, higher than the blood concentration obtained 
wiUiout administering tlie preparation. As mentioned herein, 
a blood concentration is measured at an optionally chosen 
time between a dosing and the subsequent dosing. 

[0158] Because the agent for improving the blood stability 
of the present invention can stabilize an endogenous ligand 

by the action of tlie antibody which is the active ingredient 
of the preparation, as described above, and also because the 
antibody substantially does not neutralize the antigen endog- 
enous ligand, the agent of the present invention can be used 
as a prophylactic or tlierapeutic agent for a disease for which 
enhancing the receptor activity-regulatory action of tlie 
ligand by increasing the blood concentration of Ihe endog- 
enous ligand and/or extending tlie blood half-life is prophy- 
lactically or therapeutically effective. 

[0159] Examples of such diseases include, but are not 
limited to, metabolic disease, bone and joint disease, car- 
diovascular disease, cranial/nerve disease, infectious dis- 
ease, cancer, blood disorder, urologic disease, infertility/ 
erectile dysfunction, deficient growth and 
immunodeficiency and tlie like. 

[0160] Describing in more detail tlie target disease in 
relation to association with individual endogenous ligands 
serving as target antigens, examples of the metabolic disease 
include diabetes (target ligand: GLP-1, calcitonin, PACAP, 
VIP, insulin, beta-cellulin, beta-cellulin-64 and the like), 
obesity (tai^et ligand: leptin, adiponectin, GPR7/GPR8 
hgaiid (NTPW), MSH and the Uke), anorexia (taiget ligand: 
ghrelin and tlie like) and the like; examples of the bone and 
joint disease include osteoporosis (target ligand: calcitonin, 
PTH and the like) and the like; examples of the cardiovas- 
cular disease include ischemic heart diseases (myocardial 
infarction, angina pectoris) (target ligand: ghrelin, adrenom- 
eduUin and tlie like), hypertension (target ligand: AMP, BMP, 
CNP and the like) and the like; examples of the cranial nerve 



disease include ischemic cranial neuropathy (target ligand: 
glirelin, VIP and the like), Alzheimer's disease (target 
ligand: LH-RH and the like) and the like; examples of the 
mfectious disease include viral infectious disease (target 
ligand: interferon, GM-CSF and the like) and the like; 
examples of the cancer include prostate cancer, breast cancer 
(target ligand: LH-RH and the like), primary carcinoma or 
metastatic carcinoma of various organs (target ligand: 
metastin, interferon, INF, lL-2, M-CSF, GM-CSF and the 
like) and the like; examples of the blood disorder mclude 
anemia (target ligand: EPO, GM-CSF and the like) and the 
like; examples of the urologic disease include dysuria (target 
ligand: ANP, BNP, CNP and the like) and the lilce; examples 
of the infertility/erectile dysfunction include infertility (tar- 
get ligand: metastin and tlie like), erectile dysfiinction (target 
ligand: VIP and the like) and the like; examples of the 
deficient growth include growth hormone deficient short 
statue (hyperphysical dwarf), Turner's syndrome, Prader- 
Willi syndrome (taiget ligand: growtii hormone) and the 
like; examples of the immunodeficiency include HIV uifec- 
tion, after immunosuppressant administration at the time of 
transplantation or treatment for autoimmune disease (target 
ligand: GM-CSF and the like) and the like. 

[0161] When amino acid etc. are to be indicated witli 
abbreviations in this specification, the abbreviations are 
adopted from lUPAC-lUB Commission on Biochemical 
Nomenclature or those commonly used in tlie art. For 
example, the following abbreviations are used. When an 
optical isomer is capable of existing with respect to the 
amino acids, the L-form is represented unless otherwise 



specified. 


[0162] 


PAM: Phenylacetamidomethyl 


[0163] 


BHA: Benzhydrylamine 


[0164] 


Boc: t-Butyloxycarbonyl 


[0165] 


Cl-Z: 2-Cliloro-beiizyloxycarbonyl 


[0166] 


Br-Z: 2-Bromo-ben2yloxycarbonyl 


[0167] 


Bzl: Benzyl 


[0168] 


OBzl: Benzyl ester 


[0169] 


Tos: p-Toluenesulfonyl 


[0170] 


HOBt: 1-Benzotriazole 


[0171] 


DCC: N,N'-Diclilorohexylcarbodiimide 


[0172] 


Gly: Glycine 


[0173] 


Ala: Alanine 


[0174] 


Val: Valine 


[0175] 


Leu: Leucine 


[0176] 


lie: Isoleucine 


[0177] 


Sen Serine 


[0178] 


Thn Threonine 


[0179] 


Cys: Cysteine 


[0180] 


Met: Methionine 


[0181] 


Glu: Glutamic acid 


[0182] 


Asp: Aspartic acid 


[0183] 


Lys: Lysine 
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[0184] Arg: Aiginine 
[0185] His: Histidine 
[0186] Phe: Phenylalanine 
[0187] Tyr: Tyrosine 
[0188] Trp: Tryptophan 
[0189] Pro: Proline 
[0190] Asn: Asparagine 
[0191] Gin: Glutamine 

[0192] The present invention is explained in detail in the 
following by referring to Examples, which are mere exem- 
plifications and not to be construed as limiting the scope of 
the present invention. 

[0193] The anti-PACAP antibody-producing hybridoma 
obtained in llie Examples below has been deposited with the 
Fermentation Research Institate, the Agency of hidustrial 
Science and Tecluiology, the Ministry of International Trade 
and Industry, Japan (then), [now the International Patent 
Organism Depositary (IPOD), National histitute of 
Advanced Industrial Science and Technology (Central 6, 
1-1-1, Higaslii, Tsukuba, Ibaraki, 305-8566 Japan)] under 
the following accession numbers since Mar. 16, 1990; 

[0194] hybridoma cell 

[0195] PA-1N:FERM BP-2811 

[0196] PA-3N:FERM BP-2812 

[0197] PA-5N:FERM BP-2813 

[0198] PA-6N:FERJ«[ BP-2814 

[0199] PA-2C:FERM BP-2815 

[0200] PA-1C:FERMBP-2816 

[0201] In the Examples below, antibodies obtained from 
each hybridoma cell are denoted with an "a" after the name 
of the cell (for example, antibody obtained from PA-IN cell 

is PA-lNa). 

[0202] In addition, hybridoma (GL1T2-329(1)24) produc- 
ing anti-GLP-1 non-neutralizing antibody GL1T2-329(1)24 
was accepted as of Mar. 17, 2005 by the IPOD (mentioned 
above) under the accession No. of PERM ABP- 10297. 

REFERENCE EXAMPLE 1 
(1) Synthesis of PACAPSSNI-Ij 

[0203] PACAP38NH2 (SEQ ID NO:l) was synthesized by 
using 1.04 g (0.5 mmole) of a commercially available 
p-methyl BHA resin (Applied Biosystems hic.) and a pep- 
tide synthesizer (Model 430A, Applied Biosystems Inc.). 

[0204] A starting amino acid, Boc-Lys(CI-Z), was acti- 
vated with HOBl/DCC and then condensed to the resin. 
Thereafter, tlie Boc group on the resin was treated with 50% 

trifluoroacetic acid/methylene chloride to deprotect the 
amino group. To this free amino group, the following 
protected amino acids activated witli HOBl/DCC were con- 
densed in turn according to the amino acid sequence of 
R4CAP38NH,: 

[0205] Boc-Asn, Boc-Lys(Cl-Z), Boc-Val, Boc-Arg(Tos), 
Boc-Gln, Boc-Tyr(Br-Z), Boc-Gly, Boc-Leu, Boc-Ala, Boc- 



Met, Boc Ser(Bzl), Boc-Asp(OBzl), Boc-Thr(Bzl), Boc- 
Phe, Boc lie, and Boc-His(Tos). After the additional con- 
densation by the same amino acid derivatives activated by 
DCC or HOBt/DCC, the imreacted amino groups were 
acetylated with acetic anhydride to obtain 2.42 g of a 
protected PACAPSSNHj resm. 

[0206] 0.51 g of the resulting protected PACAPSSNHj 
resin was treated with 5 ml of hydrogen fluoride in the 
presence of 0.6 g of p-cresol at 0° C. for 60 minutes, 
followed by removal of excess hydrogen fluoride by distil- 
lation under reduced pressure. Tlie residue washed twice 
with 5 ml of ethyl ether, and then extracted with 6 ml of 50% 
aqueous acetic acid. The insoluble material was removed by 
filtration and washed with 5 ml of 50% aqueous acetic acid. 
The filtrate and the washings were combined, and the 
combined solution was concentrated to 2 to 3 ml under 
reduced pressure. The concentrated solution was applied on 
a Sephadex LH-20 column (2x90 cm), and eluted with 50% 
acetic acid. The main fractions were collected, followed by 
removal by distillation under reduced pressure. Then, the 
residue was dissolved in 100 ml of 0.1% aqueous trifluoro- 
acetic acid. The resulting solution was applied on a YMC- 
ODS AM120 S-50 resin colunm (1 .6x7 cm) and eluted by a 
linear concentration gradient of between 0.1% aqueous 
trifluoroacetic acid and 50% acetonilrile (containing 0.1% 
trifluoroacetic acid). 

[0207] The main fractions were combined and lyophilized. 
Thus, 60 mg of white powder was obtained. This powder 

was dissolved in 20 ml of 0.05 M aqueous tunmonium 
acetate. The resulting solution was applied on a CM-Cellu- 
lofliie resin colurou (1x6 cm) and eluted by a linear con- 
centration gradient of firom 0.05 M to 1 M ammonium 
acetate. The main fractions were combined and applied on a 
YMC-ODS column (2.6x7 cm) agam and eluted by a linear 
gradient of from 0% to 40% aqueous acetonitrile (containing 
0.1% trifluoroacetic acid). The elution Jractions containing 
28% to 30% acetonitrile were collected and lyophilized. 
Thus, 21.6 mg of white powder was obtained. 

[0208] .'^Lualytical values of amino acid composition: 

[0209] Asp 2.90(3), Thr 0.84(1), Ser 2.10(3), Glu 
2.21(2), Gly 2.00(2), Ala 3.29(3), Val 3.19(3), Met 
1.01(1), He 0.87(1), Leu 2.09(2), Tyr 3.94(4), Phe 
0.92(1), Lys 7.18(7), H is 0.96(1), Arg 4.19(4) 

[0210] (M+H)* by a mass spectrograpliy: 4530 

[0211] HPLC elution time: 19.6 minutes 

[0212] Column Conditions 

[0213] Column: YMC-ODS (AM-301, S-5 120A) 

[0214] Eluent: A (0.1% aqueous trifluoroacetic acid) 

[0215] B (acetonitrile containing 0.1% trifluoroacetic 
acid) 

[0216] A linear concentration gradient elution from the 
eluent 

[0217] A to the eluent B (50 minutes) 
[0218] Flow rate: 1.0 ml/minute 
(2) Synthesis of PACAP27NH2 

[0219] PAC\P27NH2 (SEQ ID NO:2) was synthesized by 
using 1.04 g (0.5 mmole) of a commercially available 
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p-mefhyl BI-IA resin (Applied Biosystems Inc.) and a pep- 
tide synthesizer (Model 430A, Applied Biosystems Inc.). 

[0220] A starting amino acid, Boc-Leu, was activated with 
HOBt/DCC and tlien condensed to the resin. Thereafter, the 
Boc group on the resin was treated witli 50% triiluoroacetic 
acid/methylene chloride to deprotect the amino group. To 
tliis free amino group, the following protected amino acids 
activated with HOBtrt)CC were condensed in turn according 
to the amino acid sequence of PACAP27NH2: 

[0221] Boc-Lys(Cl-Z), Boc-Val, Boc-Aj^(Tps), Boc-Ghi, 

Boc-Tyr(Br-Z), Boc-Gly, Boc-Leu, Boc- Ala, Boc-Met, Boc- 
Ser(Bzl), Boc Asp(OBzl), Boc-Thr(Bzl), Boc-Phe, Boc-Ue, 
and Boc H is (Tos). After the additional condensation by the 
same amino acid derivatives activated by DCC or HOBt/ 
DCC, tlie luireacted amino groups were acetylated with 
acetic anhydride to obtain 2.31 g of a protected 
PACAP27NH^ resin. 

[0222] 0.79 g of the resulting protected PACAPaVNH, 
resin was treated with 10 ml of absolute hydrogen fluoride 
in the presence of 1.2 g of p-cresol at 0° C. for 60 minutes, 
followed by removal of excess hydrogen fluoride by distil- 
lation under reduced pressure. Tlie residue washed twice 
witli 5 ml of etliyl ether, and tlieu extracted with 5 ml of 50% 
aqueous acetic acid. The insoluble material was removed by 
filtration and washed with 5 ml of 50% aqueous acetic acid. 
Tlie filtrate and the wasliings were combined, and the 
combined solution was concentrated to 2 to 3 ml under 
reduced pressure. The concentrated solution was applied on 
a Sephadex LH-20 column (2x75 cm) for elution with 50% 
acetic acid. The main firactions were collected, followed by 
distillation under reduced pressure. The residue was dis- 
solved in 100 nil of 0.1% aqueous trifluoroacetic acid. The 
resulting solution was applied on a YMC-ODS AMI 20 S-50 
resin column (2.6x7 cm) and eluted by a liner concentration 
gradient of between 0.1% aqueous trifluoroacetic acid and 
50% acetouitrile (containing 0.1% trifluoroacetic acid). The 
main fractions were combined and was applied onto a 
YMC-ODS column (2.6x7 cm) again and eluted by a linear 
concentration gradient of from 15 to 35% aqueous acetoui- 
trile solution (containing 0.1% trifluoroacetic acid). The 30 
to 32% fi-actions of acetouitrile were collected and lyo- 
philized. The resulting product was dissolved in 20 ml of 
0,05M-aqueous ammonium acetate. The solution was 
applied onto a CM Cellulofine resin column (1x6 cm) and 
eluted by a linear concentration gradient of water to 0.33 
M-aqueous ammonium acetate. The mam firactions (0.18 to 
0.22 M) were collected and lyophilized. Thus, 20 mg of 
white powder was obtained. 

[0223] Analytical values for amino acid composition: 

[0224] Asp 1.96(2), Thr 0.94(1), Ser 2.57(3), Glu 
1.07(1), Gly 0.95(1), Ala 3.00(3), Val 1.96(2), Met 
0.88(1), He 0.88(1), Leu 1.93(2), Tyr 2.87(3), Phe 
0.90(1), Lys 2.91(3), H is 0.94(1), Arg 2.17(2) 

[0225] (M+H)* by a mass spectrography: 3146.7 

[0226] HPLC elution time: 21.2 nunutes 
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[0229] Eluent: A (0.1% aqueous trifluoroacetic acid) 

[0230] B (acetonitrile containing 0.1% trifluoroacetic 

acid) 

[0231] A linear concentration gradient elution firom the 
eluent A to the eluent B (50 minutes) 

[0232] Flow rate: 1 .0 ml/minute 

(3) Synthesis of PACAP(14-38)NH2 

[0233] PACAP(14-38)NH2 (SEQ ID N0:3) was synthe- 
sized by using 1.04 g (0.5 mmole) of a commercially 
available p-mefliyl BHA resin (Applied Biosystems hac.) 
and a peptide synthesizer (Model 430A, Applied Biosystems 

hic). 

[0234] A starting amino acid, Lys(Cl-Z), was activated 
with HOBt/DCC and tlien condensed to the resin. Thereaf- 
ter, tlie Boc group on the resin was treated with 50% 
trifluoroacetic acid/methylene chloride to deprotect the 
amino group. To this free amino group, the following 
protected amino acids activated with HOBt/DCC were con- 
densed in turn according to the amino acid sequence of 
PACAP(14-38)NH3: 

[0235] Boc-Asn, Boc-Lys(Ci-Z), Boc-Val, Boc-Arg- 
(Tos), Boc-Gk, Boc-Tyr(Br-Z), Boc-Gly, Boc-Leu, 
Boc-Ala, Boc-Met. 

After the additional condensation by the same amino acid 
derivatives activated by DCC or HOBt/DCC, the unre- 

acted amino groups were acetylated with acetic anhy- 
dride to obtain 2.00 g of a protected PACAP(14- 
38)NH2iesin. 

[0236] 0.48 g of the resulting protected PACAP(14- 
38)NH resin was treated with 5 ml of absolute hydrogen 
fluoride in the presence of 0.48 g of p-cresol at 0° C. for 60 
minutes, followed by removal of excess hydrogen fluoride 
by distillation under reduced pressure. The residue washed 
twice with 5 ml of ethyl ether, and then extracted with 5 ml 
of 50% aqueous acetic acid. Tlie insoluble material was 
removed by filtratiou and washed with 5 nil of 50% aqueous 
acetic acid. The filtrate and the washings were combined, 
and the combined solution was concentrated to 2 to 3 ml 
under reduced pressure. The concentrated solution was 
applied on a Sephadex LH-20 column (2x75 cm) and eluted 
with 50% acetic acid. The main fractions were collected, 
followed by distillation under reduced pressure. The residue 
was dissolved m 100 ml of 0.1% aqueous Trifluoroacetic 
acid. The resulting solution was applied onto a YMC-ODS 
AMI 20 S-50 resin column (2.6x7 cm) and eluted by a liner 
concentration gradient of between 0.1% aqueous trifluoro- 
acetic acid and 30% acetouitrile (containing 0.1% trifluoro- 
acetic acid). The main fractions were collected and lyo- 
philized. Thus, 20.2 mg of white powder was obtained. 

[0237] Analytical values for amino acid composition: 

[0238] Asp 1.01(1), Glu 2.01(2), Gly 1.00(1), Ala 
3.01(3), Val 2.85(3), Met 0.86(1), Leu 2.08(2), Tyr 
1.98(2), Lys 6.37(7), Arg 3.24(3) 

[0239] (M+H)* by a mass spectrography: 3003.6 

[0240] HPLC elution time: 13.1 minutes 



[0227] Colunm Conditions 



[0228] Column: YMC-ODS (AM-301, S-5 120A) 



[0241] Column Conditions 

[0242] Column: YMC-ODS (AM-301, S-5 120A) 
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[0243] Eluent: A (0.1% aqueous trifluoroacetic acid) 

[0244] B (acetonitrile containing 0.1% trifluoroacetic 

acid) 

[0245] A linear concentration gradient elution from Hie 
eluent A to the eluent B (25 minutes) 

[0246] Flow rate: 1.0 ml/minute 

(4) Synthesis of P.A.CAP(1-13)0H 

[0247] PACAP(1-13)0H(SEQ ID NO:4) was synthesized 
by using 0.87 g (0.5 mmole) of a commercially available 
Boc-Tyr(Br-Z)-OCH2-PAM resin (Applied Biosystems Inc.) 
and a peptide synthesizer (Model 430A, Applied Biosystems 

Inc.). 

[0248] The Boc group on the resin was treated with 50% 
trifluoroacetic acid/methylene chloride to deprotect the 
amino group. To this free amino group, the following 
protected amino acids activated with HOBl/DCC were con- 
densed in turn according to the amino acid sequence of 
PACAP(1-13)0H: 

[0249] Boc-Aig(Tos), Boc-Tyr(Br-Z), Boc-Gly, Boc-Ser- 

(Bzl), 

[0250] Boc-Asp(OBzl), Boc-'nir(Bzl), Boc-Phe, Boc-lle, 
and 

[0251] Boc-H is (Tos). After the additional condensation 
by the same amino acid derivatives activated by DCC or 
HOBl/DCC, llie imreacled amino groups were acetylaled 
with acetic anliydride to obtain 1.86 g of a protected 
PACAP(l-13)0Hj-PAM resin. 

[0252] 0.70 g of the resulting protected resin was treated 
with 10 ml of absohte hydrogen fluoride in the presence of 
0.81 g of p-cresol al 0° C. for 60 minules, followed by 
removal of excess hydrogen fluoride by distillation under 
reduced pressure. The residue washed twice with 5 ml of 
etliyl ether, and then extracted with 5 ml of 50% aqueous 
acetic acid. The insoluble material was removed by filtration 
and washed with 5 ml of 50% aqueous acetic acid. The 
filtrate and the washings were combined, and the combined 
solution was concentrated lo 2 lo 3 ml under reduced 
pressure. The concentrated solution was applied onto a 
Sephadex LH-20 column (2x75 cm) for elution with 50% 
acetic acid. The main fractions were collected, followed by 
distillation under reduced pressure. The residue was dis- 
solved in 100 ml of 0.1% aqueous trifluoroacetic acid. 

[0253] Tlie resulting solution was applied onto a YMC- 
ODS AMI 20 S-50 resin column (2.6x7 cm) and eluted by a 
liner concentration gradient of between 0.1% aqueous trif- 
luoroacetic acid and 33% acetonitrile (containing 0.1% 
trifluoroacetic acid). The main fractions were combined and 
the combined solution was purified again under the same 
column conditions. The main fractions were collected and 
lyophilized. Thus, 38 mg of white powder was obtained. 

[0254] . Analytical values for amino acid composition: 

[0255] Asp 2.00(2), Thr 0.93(1), Ser 2.43(3), Glu 1.05(1), 
Gly 1.00(1), Tyr 1.82(2), Phe 1.02(1), H is 1.31(1), Aig 

1.12(1) 

[0256] (M+H)* by a mass spectrography: 1547.5 
[0257] HPLC elution time: 12.3 minutes 
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[0258] Column Conditions 

[0259] Column: YMC-ODS (AM-301, S-5 120A) 

[0260] Eluent: A (0.1% aqueous trifluoroacetic acid) 

[0261] B (acetonitrile containing 0.1% trifluoroacetic 
acid) 

[0262] A linear concentration gradient elution from the 
eluent A to the eluent B (25 minutes) 

[0263] Flow rate: 1.0 ml/minute 

(5) Synthesis of PACAP(4-27)OH 

[0264] PACAP(4-27)OH(SEQ ID NO: 5) was syntliesized 
by using 0.60 g (0.5 mmole) of a commercially available 
Boc-Leu-OCHj-PAM resin (Applied Biosystems inc.) and a 
peptide synthesizer (Model 430A, .\pplied Biosystems Inc.). 

[0265] 'Hie Boc group on tlie resin was treated with 50% 
trifluoroacetic acid/methylene chloride to deprotect the 
amino group. To this free amino group, tlie following 
protected amino acids activated with HOBt/DCC were con- 
densed in turn according to the amino acid sequence of 
PACAP(4-27)OH: 

[0266] Boc-Lys(Cl-Z), Boc-Val, Boc-Arg(Tos), Boc-Gln, 
Boc-Tyr(Br-Z), Boc-Gly, Boc-Leu, Boc-Ala, Boc-Met, Boc- 
Ser(Bzl), Boc-Asp(OBzl), Boc-Thr(Bzl), Boc-Phe, Boc-lle. 
After the additional condensation by the same amino acid 
derivatives activated by DCC or HOBt/DCC, the unreacted 
amino groups were acetylated with acetic anhydride to 
obtain 1.08 g of a protected PACAP(4-27)OCH2-PAM resin. 

[0267] 0.29 g of the resulting protected PACAP(4- 
27)OCH,-PAM resm was treated with 5 ml of absolute 
hydrogen fluoride in the presence of 0.49 g of p-cresol at 0° 
C. for 60 minutes, followed by removal of excess hydrogen 
fluoride by distillation under reduced pressure. The residue 
washed twice with 5 ml of ethyl ether, and then extracted 
with 5 mJ of 50% aqueous acetic acid. The insoluble material 
was removed by filtration and washed with 5 ml of 50% 
aqueous acetic acid. The filtrate and the washings were 
combined, and concentrated to 2 to 3 ml under reduced 
pressure. The concentrated solution was applied on a Sepha- 
dex LH-20 column (2x75 cm) and eluted with 50% acetic 
acid. The main fractions were collected, followed by distil- 
lation under reduced pressure. The residue was dissolved in 
100 ml of 0.1% aqueous Irifluoioacelic acid. The resulting 
solution was applied onto a YMC-ODS AM120 S-50 resin 
column (2.6x7 cm) and eluted by a liner concentration 
gradient of between 15% acetonitrile (containing 0.1% tri- 
fluoroacetic acid) and 50% acetonitrile (containing 0.1% 
trifluoroacetic acid). The main fractions were collected, and 
lyophilized to obtain 33 mg of white powder. The powder 
was dissolved in 20 ml of 0.05M-aqueous ammonium 
acetate. The solution was applied onto a CM-Cellurofine 
resin column (1x6 cm) and eluted by a linear concentration 
gradient with water to 0.30M-aqueous ammonium acetate. 
The main fractions (0.18 to 0.22 M) were collected, and 
lyophilized. Thus, . 33 mg of white powder was obtained. 

[0268] Analytical values for amino acid composition: 

[0269] Asp 1.02(1), Thr 0.98(1), Ser 1.78(2), Glu 1.07(1), 
Gly 1.02(1), Ala 3.04(3), Val 1.89(2), Met 0.81(1), lie 
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0,89(1). Leu 2.00(2), Tyr 2.91(3), Plie 0.90(1), Lys 2.89(3), 
Aig 2.20(2) 

[0270] (M+H)* by a mass spectrography: 2808.5 

[0271] HPLC elution time: 14.5 minutes 

[0272] Column Conditions 

[0273] Column: YMC-ODS (AM-301, S-5 120A) 

[0274] Eluent: A (0.1% aqueous trifluoroacetic acid) 

[027S] B (acetonitrile containing 0.1% trifluoroacetic 
acid) A linear concentration gradient elution from the eluent 

[0276] A to the eluent B (35 minutes) 

[0277] Flow rate: 1.0 ml/minute 

(6) Synthesis of PACAP(31-38)NH2 

[0278] PACAP(31-38)NH2 (SEQ ID NO:6) was synflie- 
sized by using 0.98 g (0.5 mmole) of a commercially 
available p-methyl BHA resin (Applied Biosystems Inc.) 
and a peptide syntliesizer (Model 430A, Applied Biosystems 
Inc.). 

[0279] A starting amino acid, Boc-Lys(Cl-Z), was acti- 
vated with HOBt/DCC and then condensed to the resin. 
Thereafter, the Boc group on the resin was treated with 50% 
trifluoroacetic acid/methylene chloride to deprotect the 
amino group. To this free amino group, the following 
protected amino acids activated witibi HOBt/DCC were con- 
densed in turn according to the amino acid sequence of 
P.^CAP(31-38)NH2: 

[0280] Boc-Asn, Boc-Lys(Cl-Z), Boc-Val, Boc-Arg(Tos), 
Boc-Gki, Boc-Tyr (Br-Z). After the additional condensation 
by the same amino acid derivatives activated by DCC or 

HOBt/DCC, the mireacted amino groups were acetylated 
with acetic anhydride to obtain 2.00 g of a protected 
PACAP(31-38)NH, resin. 

[0281] 0.43 g of the resulting protected PACAP(31- 
38)lWj resin was treated with 5 ml of absolute hydrogen 
fluoride in tlie presence of 0.6 g of p-cresol at 0° C. for 60 
minutes, followed by removal of excess hydrogen fluoride 
by distillation under reduced pressure. The residue washed 
twice witli 5 ml of ethyl ether, and then extracted with 5 ml 
of 50% aqueous acetic acid. The insoluble material was 
removed by filtration and washed witli 5 ml of 50% aqueous 
acetic acid. The filtrate and the washings were combined, 
and concentrated to 2 to 3 ml under reduced pressure. The 
concentrated solution was applied on a Sephadex LH-20 
column (2x75 cm) and eluted with 50% acetic acid. The 
main fractions were collected, followed by distillation under 
reduced pressiure. The residue was dissolved in 100 ml of 
0.1% aqueous trifluoroacetic acid. The resulting solution 
was applied onto a YMC-ODS AMI 20 S-50 resin column 
(2.6x7 cm) and eluted by a liner concentration gradient of 
0.1% aqueous trifluoroacetic acid and 33% acetonitrile (con- 
taining 0.1% trifluoroacetic acid). The main fractions were 
collected, and lyophilized. Thus, 45 mg of white powder was 
obtained. 

[0282] Analytical values for amino acid composition: 

[0283] Asp 1 .02(1), Glu 1 .05(1), Val 1 .00(1), Tyr 0.90(1), 

Lys 2.98(3), Aig 1.12(1) 

[0284] (M+H)* by a mass spectrography: 1062.7 



[0285] HPLC elution time: 11.6 minutes 

[0286] Column Conditions 

[0287] Column: YMC-ODS (AM-301, S-5 120A) 

[0288] Eluent: A (0.1% aqueous trifluoroacetic acid) 

[0289] B (acetonitrile containing 0.1% trifluoroacetic 
acid) 

[0290] A linear concentration gradient elution from the 
eluent 

[0291] A to the eluent mixture [A:B(4: 1 )] (20 minutes) 

[0292] Flow rate: 1.0 ml/mmute 

EXAMPLE 1 

(1) Preparation of Immunogen Containing PACAP38NH2 

[0293] A complex comprising PACAP38NH2 obtained in 
Reference Example 1(1) described above and bovine thy- 
roglobulin (BTG) was prepared, and it was used as an 
immunogen. Namely, 2.8 mg of PACAPSSNHj and 8.4 mg 
of BTG were dissolved in 1 ml of 0.1 M phosphate buffer 
(pH 6.9), and glutaraldehyde was added thereto to a final 
concentration of 0.04%, followed by reaction at room tem- 
perature for 2 hours. Afler the reaction, Hie resulting product 
was dialyzed against saline at 4° C. for 2 days. 

(2) Immunization of PACAPSSNH^-BTG Complex 

[0294] The female BALB/C mice (6 to 8 weeks old) were 
subcutaneously immiuiized with 80 |.ig/moiise of the immu- 
nogen PACAP38NH2-BTG complex, obtained in above (1), 
together with Fieund's complete adjuvant. Then, the mice 
were additionally immunized with ttie same amount of the 
immunogen, together with Freund's incomplete adjuvant, 2 
to 3 times at 4-week intervals. 

EXAMPLE 2 

(1) Preparation of Horseradish Peroxidase (HRP) Labeled 
PACAP38NH2 

[0295] A labeled PACAP38NH, for the enzyme immu- 
noassay (ElA) was prepared by crosslinking PACAP38NH2 
obtained in Reference Example 1(1) and HRP. Namely, 180 
nmoles of PACAP38NH2 was dissolved in 500 pi of 0.1 M 
phosphate buffer (pH 6.8), and 50 (il of a DMF solution 
containing 450 nmoles of GMBS was mixed therewith, 
followed by reaction at room temperature for 30 minutes. 
After the reaction, the resulting product was fractionated on 
a Sephadex G-15 colunm. Thus, 100 nmoles of a maleimide 
group-introduced polypeptide was obtained. On the other 
hand, 7.9 mg (200 nmoles) of HRP was dissolved in 0.95 ml 
of 0.02 M phosphate buffer (pH 6.8) containing 0.15 M 
NaCl, and 50 |.d of a DMF solution containing 1.54 mg (4.9 
|.unoles) of [N-succinimidyl-3-(2-pyridyltIiio)propionate] 
(SPDP) was mixed therewith, followed by reaction at room 
temperature for 40 minutes. After the reaction, 0.33 ml of 0. 1 
M acetate buffer (pH 4.5) containing 8.2 mg (53 |imoles) of 
difhiothreitol was added thereto, followed by reaction at 
room temperature for 20 minutes. Then, the reaction product 
was fractionated on a Sephadex G-25 column. Thus, 6 mg 
(100 nmoles) of a SH group-introduced enzyme was 
obtained. Then, 100 nmoles of maleimide group-introduced 
PACAP38NH2 and 100 nmoles of SH group-introduced 
HRP were mixed and reacted with each other at 4° C. for 16 
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hours. After the reaction, the reaction product was ftaction- 
ated on Ultrogel AcA44 (LKB-Pharmacia) to obtain HRP- 

labeled PACAPSSNH,. 

(2) Measurement of Antibody Titer of Mouse Antiserum 

[0296] The antibody titer of the mouse antiserum was 
measured by the following method. In order to prepare an 
anti-mouse immunoglobulin antibody-bound microplate, 
100 |xl of 0.1 M carbonate buffer (pH 9.6) containijig 100 
|ig/ml of the anti-mouse immunoglobulin antibody [IgG 
fraction, Kappel] was first poured into each well of a 96-well 
microplate, and tlie plate was allowed to stand at 4° C. for 
24 hours. After tlie plate was washed with PBS, 300 nl of 
PBS containing 25% Blockace (Snow Brand Milk Products) 
was poured into each well to block excess binding sites of 
tlie wells, and treated at a temperature of 4° C. for at least 
24 hours. To each well of the above-mentioned anti-mouse 
immunoglobulin antibody-bound microplate, 50 |xl of buffer 
E [0.02 M phosphate buffer (pH 7.0) containing 10% Block- 
ace, 2 mg/ml bovine serum albumin (BSA), 0.4 M NaCl, 2 
mM EDTA and 0.1% NaNj] or 50 |il of the mouse anti- 
PACAP38NH2 antiserum diluted with buffer E were added, 
followed by reaction at 4° C. for 16 hours. After the plate 
washed with PBS, 1 00 ^1 of die HRP-labeled PACAPSSNHj 
prepared in Example 2(1) described above [diluted 200 
times with 0.02M phospliate buffer (pH 7.0) contaming 2 
mg/ml BSA and 0.15 M NaCl (buffer H)] was added to each 
well, followed by reaction at room temperature for 6 hours. 
After the reaction, the plate was washed witli PBS, and then 
100 j.il of 0.1 M citrate buffer (pH 5.5) containing 0.2% 
o-phenylenediamine and 0.02% hydrogen peroxide was 
poured into each well, followed by reaction at room tem- 
perature for 10 minutes in order to measure the enzyme 
activity on the solid phase. After 100 \s.l of 4N sulfuric acid 
was added thereto to terminate the reaction, the absorption 
at 492 nm was measured by a plate reader (MTP-32, 
Corona). As a result, increases in anti-PACAP38 antibody 
titer were observed in 4 mice out of the 8 immunized mice. 

EXAMPLES 

(1) Cell Fusion 

[0297] Mouse No. 5, which exhibited a relatively high 
serum antibody titer in Example 2 above, was subjected to 
final immunization by intravenous injection of 200 pJ of 
immimogen dissolved in 0.25 ml of saline. Four days after 
the final immunization, the spleen was extirpated from the 
mouse, compressed and filtered through stainless steel 
meshes, and suspended in Eagle's minimum essential 
medium (MEM), to yield a splenocyte suspension. BALB/C 
mouse-derived myeloma cells P3x63.Ag8.Ul (P3U1) were 
used as a cell fusion partner (Curr. Topics Microbiol. Immu- 
nol, 81: 1, 1978). Cell flision was perfonned in accordance 
with an original method {Nature, 256; 495, 1957). Tliat is, 
splenocytes and P3U1 were separately washed with serum- 
free MEM three times and mixed so that the ratio by number 
of the splenocytes and P3U1 was 5:1, and the mixed cells 
were precipitated by a centrifugation at 800 rpm for 15 
minutes. After the supernatant was thorouglily removed, the 
precipitate was gently loosened, and 0.3 ml of 45% poly- 
ethylene glycol (PEG) 6000 (manufactured by Koch-li^t 
Ltd.) was added, and the mixture was allowed to stand in a 
warm water chamber at 37° C. for 7 minutes to cause fusion. 
After the fusion, MEM was added to the cells at a rate of 2 



ml per minute; after a total of 12 ml of MEM was added, the 
mixture was centrifuged at 600 rpm for 15 minutes, and the 
supernatant was removed. This cell precipitate was sus- 
pended in a GIT medium (Wako Pure Chemical) containing 
10% fetal calf serum (GIT-IOFCS) to obtain a P3U1 cell 
density of 2x10^ cells per ml, and the suspension was 
moculated to 120 wells of a 24-well multidish (manufac- 
tured by Linbro Company) at 1 ml per well. After the 
inoculation, the cells were cultured in a CO3 incubator at 37° 
C. under an atmosphere of 5% COJ95% air. After 24 hours, 
HAT selection culture was started by adding a GlT-lOFCS 
medium containing HAT (hypoxanthine 1x10"* M, aminop- 
terin 4x10' M, thymidine 1.6x10"^ M) (HAT medium) at 1 
ml per well. The HAT selection culture was continued by 
discarding 1 ml of the old medium and thereafter adding 1 
ml of HAT medium at 3, 6, and 9 days after the start of the 
cultivation. Colonies of hybridoma were observed 9 to 14 
days after the cell ftision; when the culture medium tumed 
to yellow (about 1x10^ cells/ml of cell density), the super- 
natant was collected and antibody titer was measured. 

(2) Hybridoma Screening 

[0298] Fifty microliter of buffer B and 50 pJ of the 
hybridoma culture supernatant were added to the above- 
mentioned anti-mouse immunoglobulin antibody-bound 
microplate, and fhe reaction was carried out at room tem- 
perature for 6 hours. After the plate washed with PBS, 100 
Hl of the HRP-labeled PACAP38NH2 prepared in Example 
2(1) above [diluted 200-fold with buffer H] was added, and 
tlie reaction was carried out at 4° C. for 16 hours. Subse- 
quently, after the plate washed with PBS, the enzyme 
activity on the solid pliase was measured by die method 
described in Example 2(2) above. The antibody titer was 
observed in 18 wells out of total of 120 wells showing 
hybridoma growth, when examined as described above. 

(3) Cloning 

[0299] Hybridomas of No. 44, No. 49, No. 97, and No. 113 
wells out of the wells that showed anti-PACAP antibody 
positive were subjected to cloning by a limiting dilution 
mettiod. That is, hybridomas were suspended in RPM11640- 
20FCS to obtain a density of 1 .5 cells/ml, and each suspen- 
sion was dispensed to a 96-well microplate (manufactured 
by Nunc Company) at 0.2 ml per well. On this occasion, 
thymocytes isolated from BALB/C mouse were added to 
each well at 5x10* cells per well as feeder cells. About 1 
week later, colony formation was observed, when the anti- 
body liter in the culture supernatant was measured by the 
ElA method described in Example 2(2) above, 28 of the 30 
clones of the hybridoma from No. 44 well, 47 of the 50 
clones of the hybridoma from No. 49 well, 49 of the 50 
clones of the hybridoma from No. 97 well, and 48 of the 50 
clones of the hybridoma from No. 113 well produced the 
anti-PACAP antibody. 

[0300] Taking note of some of these clones, namely, the 
clone PA-6N obtained from No. 44-2 and the monoclonal 
antibody PA-6Na produced thereby, the clone PA-IN 
obtained from No. 49-3 and the monoclonal antibody 
PA-lNa produced tliereby, the clone PA-2C obtained from 
No. 97-2 and the monoclonal antibody PA-2Ca produced 
thereby, and the clone PA-5N obtained ik>m No. 113-5 and 
the monoclonal antibody PA-5Na produced thereby, the 
following experiment was performed. Likewise, a cell 
ftision experiment was performed using splenocytes from 
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another mouse immunized with tlie same inimunogen, and 
taking note of the clone PA-IC obtained from No. 28-1 2 and 
the monoclonal antibody PA-lCa produced thereby and the 
clone PA-3N obtained from No. 10-3 and the monoclonal 
antibody PA-3Na produced thereby, the following experi- 
ment was performed. 

(4) Purification of Monoclonal Antibodies 

[0301] The above-mentioned hybridoma was intraperito- 
neally injected to mouse (BALB/C) pre-treated with an 
intraperitoneally administration of mineral oil (0.5 ml) or the 
untreated mouse at 1-3x10^ cells/mouse, and ascites con- 
taining the antibody were collected 6-20 days later. The 
monoclonal antibodies were purified Irom the ascites by 
using a Protein-A colunm or a diethylaminoetliyl (DEAE)- 
celhilose column. Namely, 6 ml of tlie ascites from the mice 
inoculated with PA- IN was diluted with the same amount of 
a binding buffer (1.5 M glycine buffer containing 3.5 M 
NaCl and 0.05% NaNj (pH 9.0)). The resuhing solution was 
applied onto a Proteiu-A Sepharose colunm (Pharmacia) 
which had been pre-equilibrated with the binding buffer, and 
the specific antibody was eluted with an elution buffer (0.1 
M citrate buffer containing 0.05% NaNj (pH 3.0)). By flie 
above procedures, 28 mg of the specific antibody was 
obtamed. Similarly, 23 mg of a specific antibody was 
obtained from 5 ml of the ascites from the mice inoculated 
with PA-5N, 13 mg of a specific antibody was obtained from 
7.5 ml of the ascites from the mice inoculated with PA-6N, 
and 45 mg of a specific antibody was obtained from 14 ml 
of tlie ascites from the mice inoculated with PA-IC. On llie 
other hand, a salt precipitation was applied to 20 ml of the 
ascites from the mice inoculated with PA-3N by adding 
saturated ammonium sulfate solution to a final concentration 
of 45%, which was followed by centrifiigation (20,000xg, 
30 minutes). The precipitate fraction was dialyzed against 
0.02 M borate buffer (pH 8) contauiing 0.1 5 M NaCl (BBS), 
and further dialyzed against 0.01 M phosphate buffer con- 
taining 0.01 M NaCl. The antibody fiaction was applied on 
a DEAE cellulose column (DE-52, Wattman, 2.5x10 cm), 
and eluted by a 100 ml of linear concentration gradient (0.01 
M-0.35 M) of NaCl. By the above procedures, 136 mg of a 
specific antibody was obtained. Similarly, 57 mg of a 
specific antibody was obtained from 7,5-inl of the ascites 
from the mice inoculated with PA-2C. 

EXAMPLE 4 

Determination of Class and Subclass of 
Monoclonal Antibody 

[0302] One hundred microliter of 0.1 M carbonate buffer 
(pH 9.6) containing 5 (j.g/ml of PACAP38NH2 was poured 
into each well of a 96-well microplate, and the microplate 
was allowed to stand at 4° C. for 24 hours. The excess 
binding sites of the wells were blocked with Blockace 
according to the method described in Example 5. Thus, a 
PACAP38NH2-bound plate was prepared. Then, each 100 )j.l 
of culture supematants of PA-IN, R'V-SN, PA-5N, PA-6N, 
PA-2C and PA-IC was added to die plate, followed by 
reaction at room temperature for 3 hours. Then, tlie class and 
subclass were examined by ELISA using an isotype typing 
kit (Mouse-Typer™ Sub-lsotyping Kjt, Bio RAD). As a 
result, PA-lNa, PA-6Na, PA-2Ca and PA-lCa belonged to 
IgGl, K, PA-5Na belonged to lgG2a, k and PA-3Na belonged 
to lgG2b, K. 



EXAMPLES 

(1) Preparation of F(ab'), Fraction 

[0303] PA-6Na was concentrated to 8 mg/500 |,il by a 
Collodion bag (M&S Instruments Inc.), and tlien dialyzed 
against 0.1 M acetate buffer containing 0.1 M NaCl. To the 
resulting antibody solution was added 0.4 mg of pepsin 
(crystallized twice, Sigma), followed by reaction at 37° C. 
for 16 hours. Then, the F(ab')2 fraction was purified by an 
FPLC (Pharmacia) using a Superose 12 column equilibrated 
with 0.1 M phosphate buffer (pH 6.8). By a similar method, 
0.445 mg of pepsin was added to 8.9 mg of PA-lCa to 
prepare ttie F(ab')2 fraction. 

(2) Preparation of HRP-Labeled Anti-PACAP Monoclonal 
Antibodies 

[0304] One milliliter of the PA-6Na FCab'). fraction [2.2 
mg (22 nmole)/ml] was mixed willi 50 |j.l of a DMF solution 
containing GMBS (260 nmole), followed by reaction at 
room temperature for 40 minutes. The reaction solution was 
fractionated on a Sephadex G-25 column [1x30 cm, eluent: 
0.1 M-phosphate buffer (pH 6.7)] to obtain 1.5 mg of a 
maleimide group-introduced F(ab')2 fraction. With 1 .5 mg of 
the maleimidated F(ab')2 fraction was mixed with 5.5 mg of 
SH group-introduced HRP prepared by the mettiod 
described in Example 2(1) above, and the reaction product 
was concentrated to about 0.3 ml by a collodion bag, 
followed by reaction at 4° C. for 16 hours. The reaction 
solution was applied on an Ultrogel AcA34 column (10 
mm(j)x40 mm) using 0.1 M phosphate bufi'er (PH 6.5) as an 
eluent to purify an F(ab')2-HRP complex fraction. It was 
confirmed that 2.4 molecules of HRP were introduced per 
F(ab') molecule by comparing the absorbance at 280 mn and 
403 run. In a similar manner, an F(ab')2-HRP complex was 
prepared by using 2.9 mg of the PA-lCa F(ab')2 fraction. 
Furthermore, 6.4 mg (43 nmoles) of the PA-2Ca purified 
fraction was maleimidated by adding 15-fold moles of 
GMBS. Then, the resulting product was reacted with SH 
group-introduced HRP in a similar manner to prepare the 
labeled antibody into which HRP was introducwl in an 
amount of 2.4 molecules/molecule of IgGl . 

EXAMPLE 6 

Investigation of Region in Antigen Recognized by 
Each Monoclonal Antibody 

(1) PA-lNa 

[0305] Fifty microliter of a PA-IN culture supernatant 
diluted 50-fold with buffer HandSOnlofa buffer H solution 
containing PACAP38NH,, PACAP27NH2, PACAF(4- 

27)OH, PACAP(l-13)OH, PACAP(14-38)NH2, PACAP(31- 
38)NH, or V1P(SEQ ID NO:7) were added to ttie anti-mouse 
immunoglobulin antibody-boimd microplate described m 
Example 2(2) above, followed by reaction at room tempera- 
Uire for 2 hours. Then, 50 ^1 of HRP-labeled PACAP38NH, 
obtained in Example 2(1) above (diluted 100-fold with 
buffer H) was added thereto, followed by reaction at 4° C. 
for 16 hours. After the reaction, the plate washed with PBS, 
and then the eazyme activity on the soHd phase was mea- 
sured by the method described in Example 2(2) above. The 
results are shown in FIG. 1(a). PA-lNa reacted with 
PACAP38NH,, PACAP27NH2, PACAP(l-13)OH and 
PACAP(4-27)bH, but did not react with PACAP(1 4-38)NH2 
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and PACAP(31-38)NH,. PA-lNa did not react witli VIP 
either (the cross reactivity was 0.1% or less (to 
PACAP38NH2)). These results reveal that the antibody 
recognizes the N-terminal portion of PACAPSSNHj. 

(2) PA-3Na 

[0306] A competitive ElA using PA-3Na (50-fold dilution 
of a PA-3N culture supernatant) was carried out by (he 

method described in the above (1). The results are shown in 
FIG. 1(6). PA-3Na reacted with PACAP38NH2, 
P.A.CAP27NH,, PACAP(1-13)0H and PACAP(4-27)OH, 
but did not react with PACAP(14-38)NH2 and PACAP(31- 
38)NH, (the cross reactivity was 0.1% or less (to 
PACAP38NH,)). PA-3Na showed cross reactivity of 1% 
witli VIP (to PACAP38NH,). These results reveal that the 
antibody recognizes the N-terminal portion of 
PACAP38NH,. 

(3) PA-5Na 

[0307] A competitive ElA using PA-5Na (70-fold dilution 
of a PA-5N culture supernatant) was carried out by the 
method described in the above (1). The results are shown in 
FIG. 1(c). PA-5Na reacted with PACAPSSNHj, 

PACAP27NH,, PACAP(l-13)OH and PACAP(4-27)OH, 
but did not react widi PACAP(14-38)NH, and PACAP(31- 
38)NH2. PA-5Na did not react with VIP either (the cross 
reactivity was 0.1% or less (to PACAPSSNH,)). These 
results reveal that the antibody recognizes the N-temiinal 
portion of PACAPSSNH,. PA-lNa was different from 
PA-5Na in cross reactivity to PACAP(l-13)OH (in compari- 
son with PACAP38NH2). and the cross reactivity of the 
former was at least 10 times stronger than that of the latter. 

(4) PA-6Na 

[0308] A competitive ELA using PA-6Na (40-fold dilution 
of a PA-6N culture supernatant) was carried out by Hie 

method described in the above (1). The results are shown in 
FIG. l(rf). PA-6Na reacted witli PACAP38NI-I,, 

PACAP27NH and PACAP(4-27)OH, but did not react with 
PACAP(l-13)OH, PACAP(14-38)NH, and PACAP(31- 
38)NHo. PA-6Na did not react with VIP either (the cross 
reactivfty was 0.1% or less (to PACAPSSNH^)). These 
results reveal that tlie antibody recognizes the region from 
the N-terniinal portion to the central portion of 
PACAP38NHj,. 

(5) PA-2Ca 

[0309] A competitive ElA using PA-2Ca (340-fold dilu- 
tion of a PA-2C culture supernatant) was carried out by the 
method described in the above (1). The results are shown in 
FIG. 1(e). PA-2Ca reacted with PACAP38NH2 and 

PACAP(14-38)NH2, but did not react with PACAP27NH2, 
PACAP(4-27)OH PACAP(l-13)OH and PACAP(31- 
38)NHo. PA-2Ca did not react with VIP eitlier (the cross 
reactivity was 0.1% or less to PACAP38NH,). These results 
reveal tliat the antibody recognizes the region fi-om the 
C-terminal portion to the central portion of PACAP38NH,. 

(6) PA-lCa 

[0310] A competitive ElA using PA-lCa (35-fold dilution 
of a PA-IC culture supernatant) was carried out by the 
method described in the above (1). The results are shown in 
FIG. 1(f). PA-lCa reacted witli PACAPSSNHj, PACAP(14- 
38)NH, and PACAP(31-3S)NH,, but did not react with 



PACAP27NI-I2, PACAP(4-27)OH and PACAP(l-13)OI-I. 
PA-lCa did not react with VIP either (the cross reactivity 
was 0.1% or less (to PACAP38NH2))- These results reveal 
that the antibody recognizes the C-terminal portion of 

PACAP38NH,. 

[0311] Based on the results shown above, the region in 
antigen recognized by tlie above-described six kinds of 
anti-PACAP monoclonal antibodies are summarized in FIG. 
2. 

EXAMPLE? 

Evaluation of Neutralizing Activities of Anti-Pacap 
Monoclonal Antibodies 

[0312] Rat adrenal pheocliromocytoma cell line, PC-12h 
[supplied by Dr. Hatanaka (then) of the Institute for Protein 
Research, Osaka University; Brain Res., 222(2): 225-33, 
1981] were seeded into a collagen-coated 48-well multiwell 
plate (manufactured by Sumitomo Bakelite Co., Ltd.) at 
5x10^ cells/well, and cultured in Dulbecco's modified 
Eagle's medium (DMEM) containing 10% FCS for 7 to 10 
days. The medium in the plate was replaced with Hanks' 
balanced salt solution (HBSS) containing 0.05% BSA, and 
the cells were cultured for 30 minutes. Then, PACAP38NH2 
(final concentration 2 nM) fliat had been previously reacted 
with each of the above-described six kinds of anti-PACAP 
monoclonal antibodies (final concentration 2, 20 or 200 nM) 
at 4° C. for 1 hour, was added to the plate. After the cells 
were further cultured for 2 hours, the cAMP concentration in 
the culture supernatant was measured using a cAMP assay 
kit (manufactured by .\mersham Company). The results are 
shown in FIG. 3. It was found that two antibodies (PA-6Na 
and PA-1 Ca) out of tlie six kinds of anti-PACAP monoclonal 
antibodies had no neutralizing activity against 
PACAP38NH2. 

EXAMPLE 8 

Evaluation of Suppressive Effect of Anti-PACAP38 
Non-Neutralizing Antibodies on Pacap Degradation 
by DPP-IV 

(1) Suppressive Effect on PACAP Degradation by Endog- 
enous DPP-IV from CaCo-2 Cells 

[0313] Whether or not anti-PACAP38 non-neutralizing 
antibodies suppress PACAP degradation by DPP-IV was 
investigated using DPP-IV (dipeptidyl peptidase IV) 
expressed m CaCo-2 cells (human colon adenocarcinoma- 
derived cells). 

[0314] After a CaCo-2 cell membrane fiaction was placed 
in Tris-EDTA-CHAPS buffer [20 mM Tris-HCl (pH 7.5) 
conlaining 5 niM EDTA, 0.1% BSA and 0.05% CHAPS] 
and diluted stepwise, PACAP38 was added at a final con- 
centration of 1.0x10"^ M in the presence or absence of 
1 .3x10'' M of PA-6Na, and the mixture was incubated at 37° 
C. for 4.5 hours (experiment 1). To evaluate the non- 
selective adsorption of PACAP38 to the CaCo-2 cell mem- 
brane fraction, 4x10"^ M of a DPP-IV iiiliibitor (lC5o=5 nM) 
was added in advance, and tlie mixture was incubated under 
the same conditions as experiment 1 (experiment 2). After 
4x10"' M of the above-described DPP-IV inhibitor was 
added to the sample of experiment 1 to stop the reaction, the 
reaction mixtures of experiments 1 and 2 were diluted 
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10-fold with Tris-EDTA-Digitoiiin buflFer [20 mM Tris-HCl 
(pl-l 7.5) contaiuing 5 mM EDTA, 0.1% BSA, 0.05% 
Digitonin, 0.5 iiiM PMSF, 10 |.ig/ml Pepstatiu A, 20 ng/ml 
Leiipeptin, and 4 |.tg/ml E-64], and 100 pM of a PACAP 
receptor [purified using the method described in Ohtaki, T. 
et al.: J Biol Ckem 273, 15464-73. (1998) with partial 
modification] and 100 pM of '"1-PACAP27 (Ohtaki T et al. 
Biochem. Biophys. Res. Commun. 171, 838-844) were added 
thereto. Ater incubation at 25° C. for 75 minutes, the 
reaction mixture was applied to suction filtration using a 
polyethylenimine-treated GF/F glass filter (Whatman), and 
the'radioactivity of the '-^1-PACAP27 trapped on the filter 
was detected using a Y counter. The measurements were 
performed in triplicate. The results are shown in FIG. 4. The 
stronger residual radioactivity sliows larger amount of '"^1- 
PACAP27 bound to the receptor, indicatuig decrease in the 
residual amount of the previously added PACAP38 in 
sample. From this Figure, it was found that DPP-IV exhib- 
ited concentration-dependent P.A.CAP38 degradation in the 
absence of PA-6Na, whereas PA-6Na nearly completely 
suppressed the degradation of PACAP38 in the range of 
DPP-IV concentrations examined. 

(2) Suppressive Effect on Degradation by a Recombinant 
DPP-IV 

[0315] The same kind of experiment was performed under 
tlie same reaction conditions as with the use of CaCo-2 but 
using semi-purified recombinant DPP-IV in place of the 
CaCo-2 membrane fi-action. The use of the recombinant 
DPP-IV lessened the non-selective binding, which was 
problematic during tlie evaluation of tlie PACAP38 degra- 
dation witli the CaCo-2 membrane fi-action, and improved 
the substrate degradation activity (FIG. 5, — O — ). 

[0316] Irrespective of the presence or absence of a DPP- 
IV inliibitor, PA-6Na suppressed tlie degradation of 
RA.CAP38 by DPP-IV in the DPP-IV concentration range 
from 1- to 100-fold dilution (FIG. 5, — •— ajid — O— ). 
Tliat is, a suppression effect of PA-6Na on PACAP38 
degradation by DPP-IV was clearly detected without previ- 
ously adding the DPP-IV inliibitor. 

EXAMPLE 9 

Preparation of an Immunogen Comprising 
GLP-1 (7-36) Amide 

[0317] Four milligram of GLP-1 (7-36)amide (manufac- 
tured by AnaSpec Company) and 7.2 mg of BSA were 
dissolved in 2 ml of O.IM phosphate buffer (pH 6.8), and 2 
ml of glutaraldehyde, previously diluted to 0.1% in O.IM 
phosphate buffer Q)H 6.8) was gently added thereto drop by 
drop, and the reaction was carried out under ice cooling for 
5 hoiurs. After the reaction mixture was dialyzed against 
calcium- and magnesium-free Dulbecco's phosphate buff- 
ered saline (D-PBS(-)), tlie dialysate was preserved in 
divided portions at -80° C, and this was used as the 
immunogen. 

EXAMPLE 10 

Mcasuienicut of .Anti-GLP-1 Antibody 
Concentrations (Ensyme Immunoassay) 

[0318] An anti-mouse immunoglobulin goat antibody 
(IgG fraction, manufactured by Jackson ImmunoResearch 



Laboratories Inc.) was diluted to a concentration of 5 ng/ml 
in 0.01 M phosphate buffer (pH 8.0) containing 0.01 M 
NaCl, this was dispensed to a 96-well half-area plate (manu- 
factured by Coming Inc.) at 50 p.1 per well, and the antibody 
was adsorbed at 4° C. overnight. After this solution was 
removed, a D-PBS(-) containing 25% BlockAce (manufac- 
tured by Dainippon Pharmaceutical Co., Ltd.) was added at 
100 |xl per well, and tlie plate was allowed to stand at 37° C. 
for 1 hour. 

[0319] .After this plate washed with a D-PBS containing 
0.05% Tween 20 (PBS-T), 50 |,tl portion of an antiserum, 
previously serially diluted with a D-PBS containing 0.1% 
Tween 20, was added, and the reaction was carried out at 37° 
C. for 1 hour. After the plate washed with PBS-T, a biotin- 
labeled GLP-1 [GLP-l(7-36)-Lys(Biotin), amide] (manu- 
factured by AnaSpec Inc.), previously diluted to 10 ng/ml 
with D-PBS(-) containing 0.1% Tween 20, was dispensed at 
50 |il per well, and the reaction was carried out at 37° C. for 
1 hour. After the plate washed with PBS-T, horseradish 
peroxidase (HRP)-labeled streptavidin (manufactured by 
Jackson ImmunoResearch Laboratories Inc.), previously 
diluted to 0.3 |ig/nil with D-PBS(-) containing 0.1% Tween, 
was dispensed at 50 |.d per well, and the reaction was carried 
out at room temperature for 30 minutes. After the plate was 
further washed with PBS-T, an HRP substrate (TIVB Per- 
oxidase ElA Substrate Kit, manufactured by Bio-Rad Labo- 
ratories, Inc.) was dispensed at 50 |il per well to develop a 
color; after 1 N sulfuric acid was dispensed at 50 (jJ per well 
to stop the reaction, absorbance at 450 nm was measured 
using a plate reader (Multiscan; Labosystems Japan Co.). 

EXAMPLE 11 

[0320] (1) hnmunization with GLP-l(7-36)amide Com- 
plex 

[0321] Ten BALB/c mice (13-week-old, female) were 
subcutaneously imniiuiized with an emulsion prepared by 
mixing the GLP-1 (7-36)amide/BSA complex solution pre- 
pared in Example 9 and Freiuid's complete adjuvant in a 1 : 1 
ratio, by volume at 50 |ig/animal. In the second immuniza- 
tion and thereafl:er, an emulsion prepared with the GLP-1(7- 
36)amide/BSA complex and Freund's incomplete adjuvant 
was given at 2-week intervals. One week after the third 
immunization, final immunization was performed by intra- 
venously administering the above-described inuiiunogen 
dissolved in 100 (il of salme to individuals showing high 
senun antibody titers in the ELISA described in Example 1 0. 

(2) Obtainment of Anti-GLP-1 Antibody-Produciag Hybri- 
domas 

[0322] Three days after the final immunization, the spleen 
was extirpated from the mouse, and about 10' splenocytes 
were obtained via centrifiigal washing procedure. After the 
splenocytes and mouse myeloma cells P3X63.Ag8.Ul 
(P3U1) were mixed at a 5:1 cell count ratio, the cells were 
fiised by using polyethylene glycol 1500 (manufactured by 
Roche Diagnostics) in accordance with the method of 
Kohler and Milstem (Nature, 256: 495, 1957). The fused 
cells were resuspended in an III medium [a 1:1 mixed 
medium of IMDM (manufactured by Invitrogen Co.) and 
Ham's F-12 (manufactured by Invitrogen Co.)] containing 
10% fetal bovine serum (IH-FCS), and seeded into a 96-well 
multiple well plate (manufactured by Coming Inc.) at 2x10* 
cells/100 nl/well based on P3U1 cell, and cultured in a CO2 
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incubator at 37° C. under 5% CO, atmosphere overniglit. 
The following day, an IH-FCS containing hypoxanthine, 
amiuopterin and tliymidine (HAT medium) was added to 
each well at 100 |.d/well, and selection culture was per- 
formed in a CO2 incubator at 37° C. under 5% CO^ atmo- 
sphere. For the HAT selection culture, % of the culture 
supernatant from each well was exchanged with a firesh HAT 
medium 4 days and 7 days after the cell fusion, and the 
culture was continued. The culture supernatants from the 
wells showing liybridoma growth from 8 days to 2 weeks 
after the cell fusion were subjected to the ELISA described 
in Example 10 and 15 kinds of auti-GLP-l(7-36) mono- 
clonal antibody-producing hybridomas [GL1T1-175(1)18, 
GL1T1-238(1)6, GL1T1-254(1)6, GL1T1-256(1)31, GLITI- 
464(1)15, GL1T1-492(1)2, GL1T2-105(1)6, GL1T2- 
130(1)36, GL1T2-1 97(1)66, GLlT2-234(2)65, GL1T2- 
329(1)24, GL1T2-357(1)10, GL1T2-806(1)4, GL1T2- 
851(1)11, GL1T2-863(1)35] were obtained, and cloned cell 
hues were established by a limiting dilution method. 

(3) Preparation of Purified Anti-GLP-1 Monoclonal Anti- 
bodies 

[0323] The 15 kinds of anti-GLP-1 monoclonal antibody- 
producing hybridomas obtained above were cultured in an 
IH mediiun coutaiuiug 10% Ultra low IgG PCS (manufac- 
tured by Invitrogen Co.) in a CO, incubator at 37° C. under 
5% CO2 atmosphere, and the culture supernatants were 
collected by centrifugation and subjected to Protem A col- 
umn cliromatography to yield purified antibodies. Tlie sub- 
classes of these purified antibodies were determined using 
the IsoStrip Mouse Monoclonal Antibody Isotyping Kit 
(manufactured by Roche Diagnostics). These anti-GLP-1 
antibodies exhibited high binding activities of ECjo: 1x10"' 
to IxlQ-" M, against a biotin-labeled GLP-l(7-36)amide, 
in the ELISA described in Example 10. Also, in the same 
ELISA, a given concentration of each of the various anti- 
GLP-1 antibodies was dipped onto an anti-mouse immu- 
noglobulin goat antibody-coated plate, after which a given 
concentration (10 ng/mL) of a biotin-labeled GLP-1(7- 
36)aniide and a 0.003- to 300-fold molar amount of GLP- 
l(7-36)aniide (manufactured by AnaSpec Company) or 
GLP-l(9-36) amide (manufactured by Phoenix Pharmaceu- 
ticals Company) were added, and the binding inhibition of 
tlie labeled GLP-l(7-36)amide were examined; as a result, 
all antibodies were found to be antibodies specifically rec- 
ogni2ang the N-terminal region of GLP-1, which were 
strongly inhibited by GLP-1 (7-36)amide but were not inhib- 
ited by GLP-1 (9-36)amide. The above resuhs are summa- 
rized in Table 1. 

TABLE 1 

Biotm-labeled GLP-l(7-36) amide binding inliibitory 
activities flC^n) of various ajiti-GLP-1 antibodies 

Biotin-labeled GLP-1 (7-36) amide 
binding inhibitory activity flCSO (M)) 



TABLE 1-continued 



Biotin-labclcd GLP-l(7-36) amide binding inhibitory 



Nome of antibody clone GLP-l(7-36) amide GLP-l(9-36) amide 



GLm-175(l)18 
GUT1-238(1)6 
GLrn-254{l)6 
GUTl-25 6(1)31 
GUT1-464(1)15 
GLITl -492(1)2 



2.5E-09 
1.9E-09 
1.4E-09 
2.4E-09 
1.6E-09 
1.5E-09 



>1.4E-07 
>1.4E-07 

5.1E-07 
>1.4E-07 
>1.4E-07 

5.8E-07 





Biotin-labeled GLP-l(7-36) amide 
binding iiUiibitorv aclivilv (IC50 (M)) 


Name of antibody clone 


GLP-1 (7-36) amide 


GLP-1 (9-3 6) amide 


GLrr2-l 05(1)6 


2.4E-09 


>1.4E-07 


OLrr2-130(l)36 


2.0E-09 


>1.4E-07 


GLrr2-197(l)66 


4.0E-09 


>1.4E-07 


GLIT2-234(2)65 


3.0E-<» 


>1.4E-07 


GLrr2-329(l)24 


3.6E-09 


2.1B-06 


GLrr2-357(l)10 


S.8E-09 


>1.4E-07 


GLrr2-806(l)4 


9.0E-09 


7.6E-07 


GLrr2-851(l)lI 


2.0E-09 


>1.4E-07 


GLrr2-863(l)35 


2.2E-09 


>1.4E-07 



EXAMPLE 12 

Selection of Anti-GLP-1 Non-Neutralizing 
Monoclonal Antibody 

[0324] To select a non-neutralizing antibody that does not 
inhibit tlie binding of GLP-1 to GLP-1 receptor, out of the 
15 kinds of anti-GLP-1 monoclonal antibodies prepared in 
Example 11, the following two kinds of assays measuring 
GLP-1 activity were performed. 

(1) GLP-1 Receptor Reporter Gene Assay 

[0325] A CHO cell line stably expressing GLP-1 receptor 
on the cell membrane surface and transfected witli the 
Multiple Response Element (MRE)/cAMP Response Ele- 
ment (CRE)-luciferase gene, were suspended in Ham's F-12 
medium (manufactured by Invitrogen Co.) containing 10% 
fetal bovine serum, 1 ng/ml blastocidin, 500 iJ.g/ml geneti- 
cin, and 50 mg/ml gentamycin, and the cell suspension was 
seeded into a 96-well white plate (manufactured by Corning 
Coster Co.) at 1x10" cells/well, and cultured using a COj 
incubator at 37° C. under 5% CO, atmosphere for 2 days. 
After the medium was removed by aspiration, 100 \i\ of a 
reaction mixture of GLP-1 (7-36)amide (2 nM) and a 1- to 
300-fold molar amount of purified anti-GLP-1 monoclonal 
antibody[diluted with Ham's F-12 (manufactured by Invit- 
rogen Co.)], pre-incubated at room temperature for 1 hour, 
was added, and the cells were cultured in a COj incubator at 
37° C. under 5% COj atmosphere for 5.5 hours. After the 
medium was removed by aspiration, a 1:1 mixture of 
PicaGene LT-FR (manufactured by Toyo Ink MFG Co., 
Ltd.) and Hanks' balanced salt solution (HBSS) was added 
to each well at 40 ^il/well. The reaction was carried out at 
room temperature for 20 minutes, after which transcriptional 
activity on MRE/CRE was quantified with luciferase activity 
as the index, by using tlie Wallac 1 420 ARVOMX Multilabel 
counter (manufactured by PerkinEkner Japan Company). 

(2) GLP-l/GLP-1 Receptor Bmding Inhibition Assay 

[0326] A cell membrane firaction wherein the GLP-1 
receptor was overexpressed was prepared as described 
below. That is, a recombinant baculovinis solution was 
prepared from the pFastBac™ piasmid (manufactured by 
hivitrogen LifetechjQologies Company) inserted with the 
human GLP-1 receptor gene by a conventional method, and 
the virus was infected to an insect cell line (Sf9) to tran- 
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siently express the GLP-1 receptor. These infected cells 
were collected by a centrifugation and disrupted with Poly- 
tron in the presence of a surfactant, after which the cell 
debris was removed by a centrifligation at 600xg, and tlie 
supernatant was ultracenttiiuged at lOO.OOOxg to yield a 
membiaue fraction containiug the GLP-1 receptor. 

[0327] Two liundreds picomolar of '^^1-labeled GLP-1 
(1M323, manufactured by Amershani Bioscience) and a 1- to 
1,000-fold molar amount of anti-GLP-1 antibody were 
mixed and incubated at 37° C. for 1 hour, after which the 
above-described GLP-1 receptor membrane fraction was 
added, and the mixture was incubated at room temperature 
for 75 minutes, after which B/F separation was performed 
using a polyethylenknine-treated glass filter (GF/F, manu- 
factured by Watman), and the amount of '^^1-labeled GLP-1 
bound to tlie GLP-1 receptor was quantified using a y 
counter. 

[0328] The results of the above experiment (1 ) and (2) are 
summarized in Table 2. Antibodies that did not iuliibit the 
binding of GLP-1 to GLP-1 receptor even when added at a 
1 ,000-fold molar amount to GLP-1 (7-36)amide, and that did 
not neutralize GLP-1 activity in the GLP-1 receptor reporter 
gene assay even when added at a 300-fold molar amount 
(see FIG. 6 and FIG. 7) were designated as anti-GLP-1 
non-neutralizing antibodies. Out of the two kinds of anti- 
GLP-1 non-neutralizing antibodies obtained (Table 2), 
GL1T2-329(1)24, which showed better physical stability, 
was selected as the anti-GLP-1 non-neutralizmg antibody 
and subjected to the experiment described below. 

TABLE 2 



Results of GLP-1 receptor reporter gene assay ojid GLP-l/GLP-1 
receptor binding inliibitioii assay of anti-GLP-l antibodies 



GLP-1 receptor GLP-l/GLP-1 
reporter gene receptor binding 
Name of antibody clone assay inhibition assay 



GLIT1-175(1)18 - ++ 

GLIT1-238(1)6 - ++ 

GLIT1-254(1)6 +++ +++ 

GLIT1-256(1)31 ++ + 

0L1T1-464(1)15 +++ binds to GF 

GL1T1-492(1)2 ++ +++ 

GLIT2-105(1)6 - + 

GLIT2-130(1)36 - + 

GL1T2-197(1)C6 - + 

GLIT2-234(2)65 - + 
GLIT2-329(1)24 

GUT2-357(1)10 - + 
GLIT2-806(1)4 

GLIT2-851(1)11 - + 

GLIT2-863(1)35 + +++ 



+: Positive for neutralization activity, 
-: Negative for neutralization activity, 
GF: Glass filter 



EXAMPLE 13 

Suppressive Effect of Anti-GLP-1 Non-Neutralizing 
Monoclonal Antibody (GL1T2-329(1)24) on GLP- 
l(7-36)amide Degradation by DPP-IV 

[0329] The suppressive eftect of the anti-GLP-1 non- 
neutralizing monoclonal antibody (GL1T2-329(1)24) 
selected in Example 12 on GLP-l(7-36)amide degradation 
by DPP-IV was examined by ELISA. GLP-l(7-36)amide 



(final concentration 10 jig/ml) was added to a PBS-T-diluted 
mixture of anti-GLP-1 monoclonal antibody (GL1T2- 
329(1)24; final concentration 5 mg/ml) and Dipeptidyl pep- 
tidase IV (DPP-1V)(R&D Systems Company; final concen- 
tration 200 ng/ml), and the reaction was carried out at 37° C. 
for 12 hours. After thermally treated at 95° C. for 5 minutes, 
die reaction mixture was centrifuged at 1800 rpm, and the 
residual amount of GLP-l(7-36)amide in the supernatant 
was measured by the method described below. An anti- 
GLP-1 antibody (GLlTl-254(l)6)tliat binds to the N-termi- 
nal region of GLP-l(7-36)amide but does not bind to 
GLP-1 (9-36)aniide was diluted to a concentration of 0.15 
(ig/ml in D-PBS(-), tliis was dispensed to a 96-well half-area 
plate (manufactured by Coming Company) at 50 fxl per well, 
and the antibody was adsorbed at 4° C. overnight. After the 
solution was removed, 100 |al of a D-PBS(-) containing 25% 
BlockAce (manufactured by Dainippon Pharmaceutical Co., 
Ltd.) was added to each well, and the plate was allowed to 
stand at room lemperalure for 1 hour. After the plate washed 
with PBS-T, the above-mentioned reaction mixture, previ- 
ously serially diluted with a D-PBS(-) containing 0.1% 
Tween 20, and biotin-labeled GLP-1 (7-36)amide, previ- 
ously diluted to 5 ng/ml with a D-PBS(-) containing 0.1% 
Tween 20, were dispensed each at 25 |i] per well, and the 
reaction was carried out at 37° C. for 2 hours. After the plate 
was washed witli PBS-T, HRP-labeled streptavidin (manu- 
factured by Jackson ImmunoResearch Laboratories Inc.), 
previously diluted to 0.3 |ig/ml with a D-PBS(-) containing 
0.1% Tween, was dispensed at 50 |.il per well, and the 
reaction was carried out at room temperature for 30 minutes. 
After the plate was further washed witli PBS-T, an HRP 
substrate (TMB Peroxidase El A Substrate Kjt, manufactured 
by Bio-Rad Laboratories Inc.) was dispensed at 50 ji.1 per 
well to develop a color, and 1 N sulfuric acid was dispensed 
at 50 nl per well to stop the reaction, after which absorbance 
at 450 nm was measured using a plate reader (Multiscan; 
Labosystems Japan Co.). 

[0330] In the absence of antibody (None) and in the 
presence of anti-erythropoietin antibody (Anti-EPO Ab), 
Mote than 90% of GLP-1 (7-3 6)amide was degraded by 
DPP-IV; whereas in the presence of anti-GLP-1 non-neu- 
tralizing monoclonal antibody (GL1T2-329(1)24), only 
about 10% of GLP-1 (7-36)amide was degraded; it was 
found that this anti-GLP-1 non-neutraliang monoclonal 
antibody is capable of suppressing the degradation of GLP- 
l(7-36)amide by DPP-IV (FIG. 8). 

EXAMPLE 14 

In Vivo Administration Experiment of Anti-GLP-1 
Non-Neutralizmg Monoclonal Antibody 

(1) Administration of Antibody into Rat Peritoneal Cavity 

[0331] Saline, an anti-GLP-1 non-neutralizing mono- 
clonal antibody (GL1T2-329(1)24) or control mouse IgG 
(ChromoPute mouse IgG, whole molecule; manufactured by 
Jackson ImmunoResearch Laboratories Inc.) was intraperi- 
toneally administered to Wister fatty rats (female) in satiated 
state at 20 mg/kg: 1 day later, whole blood was drawn Irom 
the abdominal aorta, and a DPP-IV inhibitor (DPP4, LINCO 
Research) was immediately added thereto. Plasma was pre- 
pared by centrifligation and cryopreserved. 
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(2) Measuremeut of Rat Plasma GLP-l(7-36)ainide Con- 
centrations 

[0332] The rat plasma concentration of GLP-1(7- 
36)amide was measured using a GLP-l(7-36)amide assay 
kit (manufactiired by Linco Company) after the pretreatment 
described below. That is, to a 0.75-mL plasma sample taken 
from each rat in each administration group described above, 
an equal volume of Buffer A (1% TFA in 99% distilled 
water) was added. After the reaction at 4° C. for 5 minutes, 
it was centrifuged and tlie supernatant was collected. The 
supernatant was passed tlirough a CI 8 column (Sep-coliunn 
containing 200 mg of CI 8, manufactured by Peninsula 
Laboratories inc.) equilibrated with Buffer A, and tlie col- 
unm washed with Buffer A, followed by elution with Buffer 
B (60% acetonitrile and 1% TFA in 39% distilled water). 
Tlie eltiate was concentrated to dryness under reduced 
pressure, the residue was dissolved again in 375 pL of the 
Assay Buffer attached lo the above-described ELISA kit, and 
themially treated (95° C, 5 minutes), after which it was 
centrifiiged, and tlie supernatant was subjected to the above- 
described ELISA kit to measure the GLP-l(7-36)amide 
concenti-ation. According to the results of an addition- 
recovery experiment wherein GLP-l(7-36)amide was added 
to rat plasma and the GLP-l(7-36)amide concentration was 
measured after Uie same pretreatment as abovenienlioned, 
the recovery of GLP-1 (7-36)amide through the pretreatment 
was 30%. RaX plasma GLP-l(7-36)amide concentrations as 
corrected by this value are shown in FIG. 9. 

[0333] The plasma concentration of active form GLP-1 (7- 
36) in saline-administered satiated Wister Fatty rats at 1 day 
after administration was 4.7±0.6 pM, and that of active fomi 
GLP-1 (7-36) in tlie mouse IgG administration group was 
7.1+1.2 pM. On tlie otlier hand, the plasma concentration of 
active form GLP-1 (7-36) in tlie auti-GLP-1 non-neutralizing 
antibody (GL1T2-329(1)24) administration group was 
14.1+4.0 pM, the concentration signiflcanlly higher than that 
of in the mouse IgG administration group as tlie control 
(p<0.05). This result shows that it is possible to extend the 
blood half-life of active form GLP-l(7-36) in a living rat, 
and to raise the blood level thereof by administering the 
anti-GLP-1 non-neutraliang antibody. 

[0334] According to a report describing pre-adniinistra- 
tion of a DPP-IV inhibitor to an experimental system 



wherein Zucker fatty rats were loaded with glucose admin- 
istered from the duodenum, the maximum plasma concen- 
tration of active form GLP-1 was about 10 pM at the time 
when the compound promoted insulin secretion and sup- 
pressed blood glucose elevation (Diabetes, 51, 1461-1469, 
2002). From this result, it is considered that the active form 
GLP-1 (7-36) concentration observed in the anti-GLP-1 non- 
neutralizing antibody (GL1T2-329(1),4) administration 
group in this Example, 14.1 ±4.0 pM, reached in its phar- 
macologically effective range. 

INDUSTIUAL .^PLICABILITY 

[0335] When the agent for improving tlie blood stability of 
the present invention is administered lo an animal, the 
non-neutralizing antibody as the active ingredient thereof 
binds to an endogenous ligand and stabilizes the same, to 
raise the blood ligand concentration and/or extend fbs blood 
half-life of the ligand, and hence to enhance the receptor 
activity-regulatory action of tlie ligand; therefore, the agent 
of the present invention is useful for tlie prophylaxis and 
treatment for a disease involved by an abnormality in the 
activity of the receptor. In particular, the agent for improving 
the blood stability of the present invention is usefijl for a 
disease involved by an endogenous ligand having a very 
short blood half-life, such as a peptidic compound, or a 
disease involved by a receptor for which no agonist is easy 
to obtam, and the like. 

[0336] Also, because the agent for improving the blood 
stability of the present invention exhibits its effect at an 
amount of antibody sufficient to obtain the desired blood 

ligand concentration, it enables a remarkable reduction in 
clinical dose compared with existing antibody medicines 
and enables the provision of a safer and inexpensive prepa- 
ration. Therefore, tlie agent for improving the blood stability 
of tlie present invention contributes to medical cost reduc- 
tions and significantly contributes to the expansion of the 
coverage of indications of antibody medicines. 

[0337] This application is based on a patent application 
No. 2004-098595 filed in Japan (filing date; Mar. 30, 2004), 
tlie contents of which are incorporated in full herein by this 
reference. 



SEQUENCE LISTING 



<160> NUMBER OF SEQ ID HOS; 7 

<210> SEQ ID NO 1 

<211> LENGTH: 38 

<212> TYPE! POT 

<213> ORGANISM: Homo sapiens 

<220> FEATURE: 

<221> NAME/KEY: MOD_RES 

<222> LOCATION: (38). .(38) 

<223> OTHER INFORMATION! AMIDATION 

«400> SEQUENCE! I 



His Ser Asp Gly lie Phe Thr Asp Ser Tyr Ser Arg Tyr Arg Lys Gin 
15 10 15 
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continued 



Met Ala Val Lys Lys Tyr Leu Ala Ala Val Leu Gly Lys Arg Tyr Lys 
20 25 30 

Gin Arg Val Lys Asn Lys 
35 



<210> SEQ ID NO 2 
<211> LENGTH: 27 

<212> TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<220> FEATURE: 

<221> N2ME/KEY: MOD_RES 

<:222> LOCATION: (27). .(27) 

<223> OTHER INFORMATION: AHIDATION 

<400> SEQUENCE: 2 

His Ser Asp Gly He She Thr Asp Ser Tyr Ser Arg Tyr Arg Lys Gin 
15 10 15 

Met Ala Val Lys Lys Tyr Leu Ala Ala Val Leu 
20 25 



<210> SEQ ID NO 3 
<211> LENGTH: 25 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220s. FEATURE: 

<223> OTHER INFORMATION: Synthetic peptide having amino acid sequence 

identical to partial amino acid sequence of human FACAP38. 
<220> FEATURE! 
<221> NAME /KEY: MOD_RES 
<2 2 2> LOCATION! (25).. (25) 
<223> OTHER INFORMATION: AMIDATIOH 

<400> SEQUENCE: 3 

Arg Lys Gin Met Ala Val Lys Lys Tyr Leu Ala Ala Val Leu Gly Lys 
15 10 15 

Arg Tyr Lys Gin Arg Val Lys Asn Lys 
20 25 



<210> SEQ ID NO 4 

<211> LENGTH: 13 

<212> TYPE! PRT 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION! Synthetic peptide having amino acid sequence 
identical to partial amino acid sequence of human PACAP. 

<400> SEQUENCE: 4 

His Ser Asp Gly He Phe Thr Asp Ser Tyr Ser Arg Tyr 
1 5 10 



<210> SEQ ID NO 5 
<211> LENGTH: 24 
<212> TYPE! PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION! Synthetic peptide having amino acid sequence 
identical to partial amino acid sequence of human PACAP. 

<400> SEQUENCE: 5 

Gly He Phe Thr Asp Ser Tyr Ser Arg Tyr Arg Lys Gin Met Ala Val 
15 10 15 
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20 
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-continued 



<210> SEQ ID MO 6 

<211> LENGTH: 8 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER IWFORMATION : Synthetic peptide having amino acid sequence 

identical to partial amino acid sequence of human PACAP3B. 
<220> FEATURE: 

<221> NAME/KEY: MOD_RES 

<222> LOCATION: (8). .(8) 

<223> OTHER INFORMATION: AMIDATION 

<400> SEQUENCES 6 

Tyr Lys Gin Arg Val Lys Asn Lys 
1 5 



<210> SEQ ID HO 7 

<211> LENGTHS 28 

<212> TYPES PRT 

<213> ORGANISM: Homo sapiens 

<220> FEATURE: 

<221> NAME/KEY: MOD_RES 

<222> LOCATION: (2B)..<28) 

<223> OTHER INFORMATION: AHIDATION 

<400> SEQUENCE: 7 

His Ser Asp Ala Val Phe Thr Asp Asn Tyr Thr Arg Leu Arg Lys Gin 
15 10 15 

Met Ala Val Lys Lys Tyr Leu Asn Ser lie Leu Asn 
20 25 



1. An metliod for improving the blood stability of an 
endogenous ligand in a mammal, which comprises admiu- 
isteriug to the mammal an eiFective amount of an antibody 
that has an afBnity to the endogenous ligand but does not 
neutralize the same substantially. 

2. The method of claim 1, wheiem the improved blood 
stability of the endogenous ligand results in the enhance- 
ment of receptor activity-regulatory action thereof. 

3. The method of claim 1, wherein the neutralizing 
activity of the antibody is about 80% or less. 

4. The method of claim 1, wherein the blood concentra- 
tion of tlie endogenous ligand becomes about twice or more 
compared lo the case where the antibody is not administered. 

5. The method of claim 1, wherein the blood half-life of 
the complex of the endogenous ligand and the antibody is 
about twice or more as that of the endogenous ligand alone. 

6. The method of claim 1, wherein the blood half-life of 
the free endogenous ligand is about one week or less. 

7. The method of claim 1 , wherein the endogenous ligand 
is a peptidic compound. 

8. The metiiod of claim 7, wherein tlie endogenous ligand 
is one against a G protein-coupled receptor. 

9. The method of claim 8, wherein the endogenous ligand 
is one belonging to secretin/glucagon super family. 

10. The method of claim 9, wherein the endogenous 
ligand is selected from the group consisting of GLP-1, 
calcitonin, PACAP, VIP and analogs thereof. 

11. The method of claim 8, wherein the endogenous 
ligand is selected from the group consisting of LHRH, 
metastm, GPR7/GPR8 ligand, MSH, ghrelin, apelin and 
analogs thereof. 



12. The method of claim 7, wherein the endogenous 
ligand is selected firom the group consisting of EPO, TPO, 
insulin, interferon, growth hormone, GM-CSF, leptin, adi- 
ponectin and analogs thereof 

13. The method of claim 7, wherein the endogenous 
ligand is selected from the group consisting of AMP, BMP, 
CNP, betacelluUn, betacellulin-64, adrenomeduUm and ana- 
logs thereof. 

14. The method of claim 1, wliich is for tlie prophylaxis 
and/or treatment of a disease in wliich an increased blood 
concentration and/or a prolonged blood half-life of the 
endogenous ligand are/is effective for the prophylaxis and/or 
treatment thereof. 

15. The method of claim 14, wherein tlie disease is 
selected from the group consisting of metabolic disease, 
bone and joint disease, cardiovascular disease, cranial nerve 
disease, infectious disease, cancer, blood disorder, urologic 
disease, infertility/erectile dysflmction, deficient growth and 
immunodeficiency. 

16. A method for the prophylaxis and/or treatment of a 
disease in a mammal, wherein an increased blood concen- 
tration and/or a prolonged blood half-life of an endogenous 
ligand are/is effective for the prophylaxis and/or treatment of 
the disease, which method comprises administering to the 
mammal an effective amount of an antibody that has an 
aiffinity to the endogenous ligand but does not neutralize the 
same substantially, without administering a compound the 
same as or substantially the same as the endogenous ligand, 
so as to increase the blood stability of the endogenous 
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ligand, thereby enliancing a receptor activity-regulatory 
action. 

17. A use of an antibody that has an aj]Qnity for an 
endogenous ligand but does not neutralize the same sub- 
stantially for the manufacture of an agent for the prophylaxis 



and/or treatment of a disease in wliicli an increased blood 
concentration and/or a prolonged blood half-life of the 
endogenous ligand are/is eifective for the prophylaxis and/or 
treatment thereof. 



